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Description 

[Backgrounds of Invention] 

The present invention relates to an FRAM utilizing non-volatility, as an infrared ray sensor utilizing the pyroelectric 
effect, a memory element and a ferroelectric element widely used as a communications part, a memory cell thereof. . 
and a method of producing the same. 

A semiconductor memory can be represented by a ROM (read-only memory) utilizing non-volatlrty to hold the data 
even when the power source is turned off. involving a problem that limitation is imposed on the number of times of 
rewriting the data and the speed is low. There has further been known a RAM(random access memory) which features 
a high data rewriting speed. In particular, an FRAM which uses a ferroelectric material exhibits very excellent non-vol- 
atility as well as the number of times of rewriting the data of as great as 1010 to 1012 times owing to the use of two 
residual polarizations of different polarities. Besides, the rewriting speed is as fast as a value in the order of (is or 
shorter, and is drawing attention as an ideal memory of the next generation. 

Efforts have been made to develop the FRAM having a large capacity, featuring non-volatility and operating at high 
speeds However wear of the film is a serious problem in that the spontaneous polarization (Pr) of the ferroelectric 
material decreases with an increase in the number of times of writing. It has been known that.the capacity can be 
increased and the durability can be improved (1) by employing a ferroelectric material having a large spontaneous 
polarization (Pr), and (2) by employing a fenoelectric material which is immune to the wear. Oxides of the perovskrte 
20 structure have been widely used as such materials. Among them, it has been known that PZT (Pb(Zr rx Ti x )03) which 
is a single lattice having a crystal structure which is the perovskrte structure, exhibits a large Pr without crystalline ani- 
sotropy A diode made of this material which is used as a non-volatile memory has been disclosed in International Elec- 
tron Device Meeting Technical Digest 1989, p. 255 (IEEE I EDM Tech. Dig.: 255-256. 1989). There has further been 
known SrBi2Ta209 of a Bi laminar ferroelectric material having a crystalline structure in which a plurality of single lat- 
25 tices of the perovskrte structure are overlapped one upon the other. In this material. Pr exhibits crystalline anisotropy 
only in a direction perpendicular to the c-axis. Though the Pr value is not so large, the material exhibits an excellent 
resistance to the wear. Examples of using this material have been disclosed in Patents W093/12542 and 
PCT/US92/10627. 

30 [Summary of the Invention] 

According to the above-mentioned prior art, however, it has been impossible to provide a ferroelectric material 
exhibiting a high spontaneous polarization (Pr) which is indispensable for further increasing the degree of integration 
a low coersive electric field (Ec) and an excellent resistance to the wear. In a memory using the PZT (PtyZr-rJiJOa) 

35 of a single lattice having a crystalline structure which is a perovskrte structure, it has beep attempted to loweTthe oper- 
ating voltage entailed by an increase in the degree of integration. The operating voltage of the memory varies in pro- 
portion to the product of the thickness of the ferroelectric thin film and the coersive electric field. In order to lower the 
operating voltage, therefore, a process control has been studied in order to decrease the thickness of the ferroelectric 
thin film to be not larger than 100 nm. According to the above-mentioned prior art for decreasing the thickness of the 

40 film however a transition layer is formed due to the diffusion reaction of elements on the interface between the ferroe- 
lectric thin film and the metal electrode.bringing about problems such as a decrease in the spontaneous polarization 
and the wear of the film permitting the coercive electric field to increase. 

This stems from the fact that the ferroelectric material (PZT) of the oxide is so close to the metal electrode (Pt) that oxy- 
gen of PZT diffuses into Pt through the interface. Therefore, the number of times of writing the data by inverting the elec- 
ts trie field is greatly limited. 

In the Bi laminar ferroelectric material according to the prior art having the crystalline structure in which a plurality 
of single lattices of the perovskrte structure are superposed one upon the other, no oxygen diffuses through the inter- 
face with the metal electrode, formation of the transition layer is suppressed, and excellent resistance is exhibited 
against the wear of film. However, the spontaneous polarization is small and. when the electric field is applied in parallel 
so with the c-axis, the polarization exhibits a strong crystalline anisotropy only in a direction perpendicular to the c-axis. 
This is because in the crystalline structure of the Bi laminar ferroelectric material. Ta atoms which cause spontaneous 
polarization due to a blocking layer of a Bi-O layer composed of two layers are polarized in the directions opposite to 
each other along the c-axis direction. In the Bi laminar ferroelectric material, furthermore, the crystals grow preferen- 
tially in a direction perpendicular to the c-axis.ln the structure consisting of the upper electrode, ferroelectnc material 
55 and lower electrode according to the prior art. therefore, the amorphous Bi laminar fenoelectnc matenal is formed on 
the amorphous lower electrode and is then subjected to a quick- heating processing to grow crystals having random 
crystalline directions (the orientation degree is not larger than 60%). Among them, only those crystals of the Bi laminar 
ferroelectric material having c-axis perpendicular to the direction of the applied electric field work to produce polariza- 
tion Therefore the practically effective crystals are 50%, which is not efficient According to the pnor art. furthermore. 
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the electrode is composed of a metal such as Pt, Al t Au, or Ni inhibiting the transmission of light, and not suitable as the 
element for optical response systems. 

The present invention has been accomplished in order to solve the above-mentioned problems, and provides a fer- 
roelectric thin film of perovskite crystalline structure without two blocking layers that suppress spontaneous polarization, 
5 provides a ferroelectric element having a ferroelectric thin film sandwiched between the upper and lower electrodes or 
between the right and left electrodes, provides a ferroelectric memory cell, and provides a method of producing the fer- 
roelectric element. 

Another object of the present invention is to provide a ferroelectric thin film of perovskite structure including two 
blocking layers and exhibiting a large spontaneous polarization and a weak coersive electric field by arbitrarily imparting 
w lattice distortion by replacing elements having dissimilar ionic radii, to provide a ferroelectric element having a ferroe- 
lectric thin film sandwiched between the upper and lower electrodes or between the right and left electrodes, and to pro- 
vide a method of producing the ferroelectric element. 

The present invention further provides a method of producing a ferroelectric element having an excellent resistance 
to the wear by suppressing the formation of the transition layer by using an electrically conductive oxide as the electrode 
15 that is in contact with the ferroelectric thin film, as well as a method of producing the ferroelectric element. 

[Brief Description of the Drawings] 

Fig. 1 is a diagram illustrating the crystalline structure of a ferroelectric thiri film of «the present invention. 
20 Fig. 2 is a diagram illustrating the crystalline structure of a ferroelectric thin film of the present invention. 

Fig. 3 is a sectional view illustrating a ferroelectric element of the present invention. 

Fig. 4 is a diagram schematically illustrating the crystal orientation of the ferroelectric thin film of the present inven- 
tion. 

Fig. 5 is a diagram schematically illustrating the crystal orientation of the ferroelectric thin film of the present inven- 
ts tion. 

Fig. 6 is a sectional view illustrating a ferroelectric element of the present invention. 
Fig. 7 is a sectional view illustrating the internal structure of a lower electrode of the present invention. 
Fig. 8 is a sectional view illustrating the internal structure of an upper electrode of the present invention. 
Fig. 9 is a sectional view illustrating a ferroelectric memory of the present invention. 
30 Fig. 10 is a sectional view illustrating the ferroelectric memory of the present invention. 
Fig. 1 1 is a sectional view illustrating trie ferroelectric memory of the present invention. 

[Detailed Description of the Preferred Embodiments] 

35 In order to achieve the above-mentioned object, a first ferroelectric element is constituted by an upper electrode, a 
ferroelectric thin film and a lower electrode, wherein the ferroelectric thin film has a laminar crystalline structure in which 
a plurality of single lattices of perovskite structure are superposed one upon the other, and has a blocking layer in a long 
periodic structure : 

Furthermore, the ferroelectric thin film having the laminar perovskite structure and the blocking layer is represented 
40 by a chemical structural formula 

(AO^By^CyOay^) 2 - (Chemical formula 1) 

A = 71, Hg, Ce, Y, Pr, Nd, Pm, Eu, Gd. 7t>, Dy, Ho, Er. Tm, Yb, La, Sm, 
45 B - at least one or more of Bi, Pb, Ca, Sr, Ba, 

C = at least one or more of Ti, Nb, Ta. W, Mo, Fe, Co, Cr, Zr, and 
y m 2, 3, 4, 5. 

Furthermore, the ferroelectric thin film having the laminar perovskite structure and the blocking layer is represented 
so by a chemical structural formula 

(PbO) 2+ (By.i C y 0 3y+1 ) 2 - (Chemical formula 2) 

B = at least one or more of Ca t Sr. Ba. 
55 C = at least one or more of Ti. Nb. Ta. W. Mo. Fe. Co. Cr. Zr, and 
y = 2, 3, 4, 5. 

In the present invention, furthermore, the ferroelectric thin film is (100)-oriented, (010)- oriented, (1 10)-oriented or 
(OOI)-oriented, or the c-axis is tilted at 45* with respect to the lower electrode to obtain high spontaneous polarization. 
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In the present invention, furthermore, the ratio of the ferroelectric thin film which is (100)-oriented or (OlO)-orierrted 
to the lower electrode is not smaller than 70% to obtain effective spontaneous polarization as a ferroelectric elements 

In the present invention, furthermore, the ratio of the ferroelectric thin film which is (1 10>oriented to the lower elec- 
trode is not smaller than 80% to obtain effective spontaneous polarization as a ferroelectric element. 
5 In the present invention, furthermore, the ratio of the ferroelectric thin film which is (001 )-oriented to the lower elec- 

trode is not smaller than 70% to obtain effective spontaneous polarization as a ferroelectric element. 

In the present invention, furthermore, the ratio of the ferroelectric thin film of which the c-axis is tilted at 45* with 
respect to the lower electrode is not smaller than 90% to obtain effective spontaneous polarization as a ferroelectric ele- 
ment. 

10 A second ferroelectric element is constituted by an upper electrode, a ferroelectric thin film and a lower electrode, 
wherein the ferroelectric thin film has a perovskite structure and has two blocking layers in a long periodic structure. 

Furthermore, in the ferroelectric thin film having the perovskite structure, the Bi-site of a Bi-O layer of two blocking 
layer is necessary replaced by an elements(Tl, Hg, Sb, As,)having dissimilar ionic radii, and is represented by 

75 (Bi2-x A x°2) 2+ ( B y-i c y 0 3y+i) 2 " (Chemical formula 3) 

A = TI, Hg, Sb. As, 

B * at least one or more of Bi, Pb, Ca, Sr, Ba, Y, and rare earth elements, 
C = at least one or more of Ti, Nb, Ta, W, Mo, Fe, Co, Cr, Zr, 
20 0 < x < 2, and 

y= 1,2. 3,4,5. 

Furthermore, in the ferroelectric thin film having the perovskite structure, the Bi-site of a Bi-0 layer forming the 
blocking layer is necessary replaced by an element Pb having dissimilar ionic radius, and is represented by 

25 

(Bi 2 . x Pb x 0 2 ) 2+ (B y . 1 C y 0 3y+1 ) 2 " (Chemical formula 4) 

B = at least one or more of Bi, Pb, Ca, Sr, Ba, Y, and rare earth elements, 
30 C = at least one or more of Ti, Nb, Ta, W, Mo, Fe, Co, Cr, Zr, or at least two or more of Ti, Nb, Ta, W, Mo, Co. Cr, 
0 < x < 2, and 
y=1,2, 3,4, 5. 

35 

In the present invention, furthermore, the ferroelectric thin film is (100) -oriented, (010)- oriented or (1 1 0)-oriented, 
or the c-axis is tilted at 45° with respect to the lower electrode to obtain high spontaneous polarization, considering that 
the axis of polarization of the ferroelectric thin film is tilted at ±5 degrees to the c-axis due to the two blocking layers. 
In the present invention, furthermore, the ratio of the ferroelectric thin film which is (100) -oriented or (OlO)-oriented 
40 to the lower electrode is not smaller than 70% to obtain effective spontaneous polarization as a ferroelectric element. 

In the present invention, furthermore, the ratio of the ferroelectric thin film which is (1 10)-oriented to the lower elec- 
trode is not smaller than 80% to obtain effective spontaneous polarization as a ferroelectric element. 

In the present invention, furthermore, the ratio of the ferroelectric thin fiim of which the c-axis is tilted at 45° with 
respect to the lower electrode is not smaller than 90% to obtain effective spontaneous polarization as a ferroelectric eie- 
45 ment. 

A third ferroelectric element of the present invention is of a planar structure having electrodes on both sides of the 
ferroelectric thin film. Besides, the ferroelectric thin film has a width which is not larger than 0.3 jim for obtaining the 
coersive voltage of as low as 3 V or less, since the ferroelectric thin film has a laminar perovskite structure expressed 
by the chemical structural formula of the first ferroelectric element of the invention and the coercive electric field is of 
so the order of 1 00 kV/cm. 

In the present invention, furthermore, the ferroelectric thin film is (100) -oriented. (010)- oriented, (001)-oriented or 
(1 10)-oriented. or the c-axis is tilted at 45° with respect to the lower electrode to obtain high spontaneous polarization. 

In the present invention, furthermore, the ratio of the ferroelectric thin film which is (100) -oriented or (010) -oriented 
to the lower electrode is not smaller than 70% to obtain effective spontaneous polarization as a ferroelectric element. 
55 In the present invention, furthermore, the ratio of the ferroelectric thin film which is (1 10)-oriented to the lower elec- 
trode is not smaller than 80% to obtain effective spontaneous polarization as a ferroelectric element. 

In the present invention, furthermore, the ratio of the ferroelectric thin film which is (001 )-oriented to the lower elec- 
trode is not smaller than 70% to obtain effective spontaneous polarization as a ferroelectric element. 

In the present invention, furthermore, the ratio of the ferroelectric thin film of which the c-axis is tilted at 45° with 
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respect to the lower electrode is not smaller than 90% to obtain effective spontaneous polarization as a ferroelectric ele- 
ment. 

A fourth ferroelectric element of the present invention is of the planar structure having electrodes on both sides of 
the ferroelectric thin film. Besides, the ferroelectric thin film has a width which is not larger than 0.3 \im to obtain the 
5 coercive voltage of as low as 3 V or less, since the ferroelectric thin film has a perovskite structure having two blocking 
layers expressed by the chemical structural formula of the second ferroelectric element of the invention and the coersive 
electric field is of the order of 100 kV/cm. 

In the present invention, furthermore, the second ferroelectric thin film is (IGO)-oriented, (010)- oriented, (001)-ori- 
ented or (110}-oriented p or the c-axis is tilted at 45° with respect tojhe lower electrode to obtain high spontaneous 
10 polarization. 

In the present invention, furthermore, the ratio of the ferroelectric thin film which is (100)-oriented or (010) -oriented 
to the lower electrode is not smaller than 70% to obtain effective spontaneous polarization as a ferroelectric element. 

In the present invention, furthermore, the ratio of the ferroelectric thin film which is (1 1 0)-oriented to the lower elec- 
trode is not smaller than 80% to obtain effective spontaneous polarization as a ferroelectric element. 
75 In the present invention, furthermore, the ratio of the ferroelectric thin film which is (OOI)-oriented to the lower elec- 

trode is not smaller than 70% to obtain effective spontaneous polarization as a ferroelectric element. 

In the present invention, furthermore, the ratio of the ferroelectric thin film of which the c-axis is tilted at 45° with 
respect to the lower electrode is not smaller than 90% to obtain effective spontaneous polarization as a ferroelectric ele- 
ment. 

20 In the present invention, the lower electrode is constituted by a metal, an electrically conductive oxide of a single., 

element and an electrically conductive oxide of a perovskite structure in the order from the underlying substrate, and 
the electrically conductive oxides are oriented in a particular plane to improve the orientation of the ferroelectric thin film 
formed on the lower electrode, considering that an oxide can be effectively used as an electrode material that is in con- 
tact with the ferroelectric thin film to suppress the diffusion of oxygen from the ferroelectric thin film into the electrode. 

25 In order to suppress the diffusion of oxygen from the ferroelectric thin film into the electrode, furthermore, the upper 

electrode of the present invention is constituted by an electrically conductive oxide of a perovskite structure, a metal or 
an electrically conductive oxide of the perovskite structure, an electrically conductive oxide of a single element and a 
metal in the order from the layer that is in contact with the ferroelectric thin film. 

In order to suppress the diffusion of oxygen from the ferroelectric thin film to the electrode, furthermore, the ferro- 

30 electric element of the planar structure of the present invention has electrodes on both sides of the ferroelectric thin film, 
wherein the electrode in contact with the ferroelectric thin film is necessarily constituted by an electrically conductive 
oxide of a single element or an electrically conductive oxide of perovskite structure. 

A metal used for the electrode of the present invention is at least an element selected from the group consisting of 
Pt, Au, Al, Ni, Cr, Ti, Mo and W. To realize the function of the electrode material, furthermore, an electrically conductive 

35 oxide of a single element or of the perovskite structure having a resistivity of smaller than 1 mii • cm is usSa as the elec- 
trode. The electrically conductive oxide of a single element is an element selected from the group consisting of Ti, V, 
Eu, Cr, Mo, W, Ph, Os, lr t Pt Re, Ru and Sn. The electrically conductive oxide of the perovskite structure is a compound 
selected from the group consisting of Re0 3 , SrRe0 3 , BaRe0 3 , LaTi0 3 , SrVQ 3> CaCr0 3 , SrCr0 3 , SrFe0 3 , La^ 
x Sr x CoG 3 (0 <x < 0.5), LaNi0 3 , CaRu0 3 , SrRu0 3 , SrTiOa and BaPb0 3 . 

40 In a fifth ferroelectric element of the present invention, a transparent electrically conductive oxide is used as the 
upper electrode when the electrodes are provided above and beneath the ferroelectric thin film, and a transparent elec- 
trically conductive oxide is used at least as one of the electrodes when the electrodes are provided on both sides of the 
ferroelectric thin film, in order to obtain an optical response element The transparent electrically conductive oxide has 
a resistivity of smaller than 1 m& - cm and a transmission factor over a visible region of not smaller than 80%, and is a 

45 compound selected from the group consisting of ln 2 0 3 , Sn 2 , ZnO, ITO (In- Sn-O), ATO (Sb-doped Sn), FTO (F-doped 
Sn), and CTO (Cd-Sn-O). 

That is, the method of producing the ferroelectric thin film of the present invention is carried out by sputtering in an 
atmosphere of a mixture gas of oxygen and an inert gas at a forming temperature of not higher than 650°C to suppress 
the reaction with the electrode. It is further possible to employ a laser vaporization method or a MOCVD method instead 

so of the sputtering method to form the ferroelectric thin film in an atmosphere of oxygen or excited oxygen at a tempera- 
ture of not higher than 650 0 C. 

Moreover, the method of producing the ferroelectric thin film of the present invention is carried out by spin-coating 
or dip-coating using a metal alkoxide or an organic acid salt as a starting material under normal pressure at a forming 
temperature of not higher than 650°C to suppress the reaction with the electrode. 

55 The method of producing an electrically conductive oxide of a single element or of the perovskite structure of the 
present invention is carried out by sputtering in an atmosphere of a mixture gas of oxygen and an inert gas at a forming 
temperature of not higher than 650°C. It is further possible to produce the electrically conductive oxide of a single ele- 
ment or of the perovskite structure by laser vaporization or MOCVD instead of sputtering in an atmosphere of oxygen 
or excited oxygen at a forming temperature of not higher than 650°C. 
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Furthermore, the method of producing an electrically conductive oxide of a single element or of the perovskite 
structure of the present invention is carried out by spin-coating or dip-coating using a metal alkoxide or an organic acid, 
salt as a starting material under normal pressure at a forming temperature of not higher than 650°C. 

Moreover, the ferroelectric thin film is produced by spin-coating or dip-coating using a metal alkoxide or an organic 
5 acid salt as the starting material while being irradiated with light of an ultraviolet region, considering that the decompo- 
sition reaction of the starting material by the irradiation with light is effective in lowering the forming temperature. It is . 
also possible to produce the electrically conductive oxide while being irradiated with light of the ultraviolet region simi- 
larly. 

In the ferroelectric memory cell of the present invention, the structure of the upper electrode, ferroelectric thin film 
10 and lower electrode obtained above, or the planar structure having electrodes on both sides of the ferroelectric thin film, 
is formed as a capacitor of a semiconductor MOS section. 

In the ferroelectric memory cell of the present invention, the structure of the upper electrode, ferroelectric thin film 
and lower electrode is formed on the gate of a semiconductor field-effect transistor. 

According to the present invention, furthermore, the ferroelectric thin film is used as a pyroelectric infrared ray sen- 

15 sor. 

The optical response system of the present invention comprises a ferroelectric element using, as an electrode, the 
transparent electrically conductive oxide obtained above, a pulse light oscillator and a unit for measuring the reflection 
from the ferroelectric element 

The non-contact type read or write memory of the present invention comprises a combination of a plurality of fer- 
20 roelectric memory cells obtained above. 

Specifically, the present invention uses a ferroelectric thin film of the perovskite structure represented by a chemical 
structural formula 

(AO) 2+ (B y . 1 C y 0 3y+1 ) 2 " (Chemical formula 5) 

25 

(wherein y = 2, 3, 4, 5). Fig. 1 illustrates a crystalline structure of a laminar ferroelectric thin film in which six single lat- 
tices of the perovskite structure of the present invention of when y=3 are superposed one upon another. The material 
where an element Bi is used for the A-site. an element Sr is used for the B-site and an element Ta is used for the C-cite 
is the well-known SrBi 2 Ta 2 0 9 (Y1 ) material. Fig. 2 illustrates a crystalline structure which resembles the above material. 

30 A laminar structure has four single lattices of the perovskite structure superposed one upon another. In Fig. 2. the Bi-O 
layer has a two-layer structure, and the crystalline structure is deviated by a half period in the Bi-O layer. It has been 
known that the magnitude of spontaneous polarization (Pr) of a ferroelectric material that takes place when an electric 
field is applied varies greatly depending upon the element and the distortion of the crystalline structure. The material 
Y1 is polarized by the migration of the element Ta. However, the spontaneous polarization is small since the distortion 

35 is small, i.e., the ionic radii of the elements Sr and Bi constituting the lattice are as small as 0.127 nm (1 .27 At>i»A) and 
0. 1 2 nm (1 .20 A) which are smaller than that of the element Pb (ionic radius of 0. 1 32 nm (1 .32 A) constituting the lattice 
of PZT (PbtZr^TiJOa) which exhibits a large spontaneous polarization (Pr). When an electric field is applied in parallel 
with the c-axis, furthermore, the two elements Ta are polarized in the directions opposite to each other due to crystalline 
symmetry because of the two Bi-O layers. Accordingly, the value Pr in the direction in parallel with the c-axis is 0 

40 nC/cm 2 . When an electric field is applied in a direction perpendicularly to the c-axis, on the other hand, the value Pr 
becomes as great as 16 jutC/cm 2 since there is no crystalline symmetry. Thus, a large crystalline anisotropy is exhibited. 

According to the present invention, 71, Hg, Pb, Y or a rare earth element is used for the A-site in order to form a 
ferroelectric thin film without anisotropy having a crystalline structure of a single blocking layer instead of two blocking 
layers like the Bi-O layers that prevent spontaneous polarization. With a plurality of single lattices having the perovskite 

45 crystalline structure being superposed one upon another, furthermore, it is possible to form a ferroelectric thin film 
which exhibits spontaneous polarization larger than that of PZT which is a single lattice. In order to impart great distor- 
tion to the crystals, furthermore, it is preferable to combine elements having dissimilar ionic radii. A ferroelectric thin film 
exhibiting a large spontaneous polarization and a small anisotropy can be obtained by a combination of Tl (1 .06 A),* Hg 
(1.16 A), Pb (1.32 A), Y (1.06 A) or a rare earth element such as La (1 .22 A), Ce (1.18 A), Pr (1.16 A), Nd (1.15 A), Sm 

so (1.13 A)', Eu (1.13 A), Gd (1.11 A), Tb (1.09 A), Dy (1.07 A), Ho (1.05 A), Er (1.04 A), Tm (1.04 A), Yb (1.00 A) or Lu 
(0.99 A) for the A-site, Bi (1 .20 A), Pb (1 .32 A). Ca (1 .06 A), Sr (1 .27 A), or Ba (1 .43 A) having a valency of 2 to 3 for 
the B-site, and Ti (0.75 A), Nb (0.83 A), Ta (0.80 A), W (0.79 A), Mo (0.79 A), Fe (0.69 A), Co (0.67 A), Cr (0.69 A), or 
Zr (0.86 A) that produces polarization for the C-site. When an element having a valency which is not +4 is used for the 
A-site, oxygen at the A-site or oxygen just over the B-site forms a void, so that the crystal becomes stable. To maintain 

55 the stability of the laminar structure, it is preferable that y = 2. 3. 4 or 5. A ferroelectric thin film exhibiting a large spon- 
taneous polarization and a small anisotropy can be formed even when two or more elements are used in combination 
for the A-site. 

* 1 A = 0.1 nm 
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As described above, there could be provided a ferroelectric element which can be highly densely integrated having 
a structure in which a blocking layer with no spontaneously polarizing crystalline anisotropy is composed of a ferroelec- 
tric thin film of a perovskite structure having a high spontaneous polarization and a small coersive electric field impart- 
ing an arbitrary large distortion to the crystalline lattice by a combination of elements having dissimilar ionic radii for the 
5 A-site, for the B-site that constitutes a crystalline lattice and for the C-site that produces polarization, and the ferroelec- 
tric thin film being sandwiched by the electrodes. 

In a structure in which the ferroelectric thin film is sandwiched between the upper and lower electrodes as shown 
in Fig. 3, the directions of polarization must be determined to obtain a high spontaneous polarization value and a low 
counter electric field. Since the ferroelectric thin film has a laminar crystalline structure, it is possible to obtain a high 
10 spontaneous polarization value and a low coersive electric field by setting the orientation of the ferroelectric thin film, as 
shown in Fig. 4, to (100), (010), or (1 10), by tilting the c-axis of crystals at 45° , or at (001). 

The spontaneous polarization characteristics of the ferroelectric thin film vary greatly depending upon the orienta- 
tion of the crystals, increasing in the order described below. 

15 (lOO)-Orientation or (010) -orientation = (001) -orientation > 

(1 10)-orientation > orientation in which the c-axis of crystal is tilted at 45° . 

To obtain a required spontaneous polarization value of the ferroelectric element, therefore, it is preferable that the 
20 ferroelectric thin film has a ratio of (lOO)-orientation or (010) -orientation of not smaller than 70%. It is similarly preferable _ 
that the ferroelectric thin film has the ratio of (001 )- orientation of not smaller than 70%, (1 1 0)-orientation of not smaller 
than 80%, or orientation in which the c-axis of crystals is tilted at 45° of not smaller than 90%. 

The above-mentioned Y1 is a representative example of when the element Bi is used for the A-site in the chemical 
structural formula 

25 

(AO^By^CyOSy+l) 2 * (Chemical formula 6) 

(wherein y = 2. 3. 4 or 5). This material has excellent feature of writing characteristics at the time of the inversion of elec- 
tric field though it exhibits a large crystalline anisotropy of spontaneous polarization. However, the absolute spontane- 
30 ous polarization value is 10 to 13 jiC/cm 2 which is smaller than 20 to 30 jiC/cm 2 of PZT, and the material is not 
advantageous for fabricating a highly integrated memory. According to the present invention, the Bi-site of the Bi-0 layer 
is necessarily replaced with the element A having a dissimilar ionic radius, and the element at the B-site and the ele- 
ment at the C-site are combined together to give distortion to the crystalline lattice in the chemical structural formula 

35 (AO) 2+ (B y . 1 C y 0 3y+1 ) 2 ' (ChemiCSr formula 7) 

(wherein y = 2, 3, 4 or 5). in order to increase the spontaneous polarization (Pr). Therefore, the Bi-site having an ionic 
radius of 1.20 p is, replaced with Tl (1.06 |>), Hg (1.16 i>), Pb (1.32 J>), Sb (0.90 » or As (0.69 J>) which is an element 
having a different ionic radius, in order to give distortion to the crystalline lattice and, hence, to form a ferroelectric thin 

40 film that exhibits a large spontaneous polarization. The element Pb causes distortion of expansion of the crystals, and 
other elements Hg, Tl, Sb and As cause distortion of contraction of the crystals. By using Bi, Pb, Ca, Sr, Ba, Y or a rare 
earth element such as La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy ( Ho, Er, Tm, Yb or Lu for the B-site having the above-men- 
tioned ionic radius in combination with Ti, Nb, Ta, W, Mo, Fe, Co, Cr or Zr having a different ionic radius for the C-site, 
furthermore, the crystalline structure is imparted with large distortion, and the ferroelectric thin f Bm exhibits a high spon- 

45 taneous polarization. In order to stabilize the crystals, it is preferable that the degree of substitution at the Bi-site is 
within a range of 0 < x < 2, and the laminar structure is within a range of y 1 , 2, 3, 4 or 5. 

As described above, there could be provided a ferroelectric element such that a ferroelectric thin film of the per- 
ovskite structure including two Bi-O layers, and having a high spontaneous polarization and a small coersive electric 
field resulting from an arbitrary large distortion produced in crystal lattices by combining elements which have dissimilar 

so ionic radii for the Bi-site, the B-site constituting the crystal lattices, and the C-side causing polarization is sandwiched 
between the electrodes. 

In the above-mentioned ferroelectric thin film, furthermore, the spontaneous polarization exhibits a crystalline ani- 
sotropy, and the direction of polarization is tilted at *5 degrees to the plane a-b. In the structure shown in Fig. 3. there- 
fore, the orientation must be so controlled that the axes of polarization are directed in the vertical direction to obtain a 
55 high spontaneous polarization. Referring to Fig. 5, a ferroelectric thin film exhibiting a high spontaneous polarization is 
obtained such that the orientation of the ferroelectric thin film is (100),(010) or (1 10), or the c-axis of crystals is tilted at 

45° • . 

Spontaneous polarization characteristics of the ferroelectric thin film vary greatly depending upon the orientation<of 

crystals, increasing in the order described below. 
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(100)-Orientation or (010) -orientation > 
(1 1 0)-orientation > orientation in which the c-axis of crystals is tilted at 45° . 

5 To obtain a required spontaneous polarization value of the ferroelectric element, therefore, it is preferable that the 

ferroelectric thin film has a ratio of (1 00)-orientation or (01 0)-orientation of not smaller than 70%. It is similarly preferable . 

that the ferroelectric thin film has the ratio of (110)- orientation of not smaller than 80%, or orientation in which the c- 

axis of crystals is tilted at 45° of not smaller than 90%. 

Rg. 6 illustrates a ferroelectric element of the planar structure having electrodes on both sides of the ferroelectric 
w thin film according to the present invention. This is based upon an advantage that the orientation of the ferroelectric thin 

film of the laminar perovskite structure expressed by the chemical structural formula 

(AO) 2+ (B y . 1 C y 0 3y+1 ) 2 - (Chemical formula 8) 

15 (wherein Y = 2, 3, 4 or 5) can be easily controlled since the crystals grow predominantly in the direction of the plane a- 
b. In the ferroelectric elements, in general, it is preferable that the operating voltage is as low as 3 V or lower, from the 
standpoint of power consumption and operation speed. In the ferroelectric thin film according to the present invention, 
the coersive electric field is of the order of from several tens to 100 kV/cm. Therefore, the width of the ferroelectric thin 
film sandwiched by the electrodes is selected to be not larger than 0.3 \im to fabricate a ferroelectric element of the pla- 

20 nar structure. 

Even in the case of the ferroelectric element of the planar structure, a high spontaneous polarization can be 
obtained by so controlling that the ferroelectric thin film is (100)-oriented. (010)- oriented, (1 10)-oriented, (001) -oriented 
or is so oriented that the c-axis of crystals is tilted at 45° as shown in Rg. 4. The orientation and the magnitude of spon- 
taneous polarization are as described above. To effectively obtain a spontaneous polarization value, it is preferable that 
25 the ferroelectric thin film has a ratio of (1Q0)-orientation or (010)- orientation of at least not smaller than 70%. It is sim- 
ilarly preferable that the ferroelectric thin film has a ratio of (001) -orientation of not smaller than 70%, (1 10) -orientation 
of not smaller than 80%, and orientation in which the c-axis of crystals is tilted at 45° or not smaller than 90%. 

Moreover, a ferroelectric thin film of a structure in which a blocking layer includes two Bi-O layers of the present 
invention represented by 

30 

(Bfe-xAxO^By.! C y 0 3y+1 ) 2 - (Chemical formula 9) 

has a coersive electric field of the order of from several tens to 100 kV/cm. By determining the width of the ferroelectric 
thin film to be not larger than 0.3 Jim, therefore, it is possible to obtain a ferroelectric element of the planar structure 

35 having a high spontaneous polarization. ~ * 

In this case, furthermore, since the direction where the electric field is applied is perpendicular to the c-axis, a fer- 
roelectric thin film that exhibits a high spontaneous polarization can be obtained by so controlling that the (100)-orien- 
tation, (010)- orientation, (1 1 0)-orientation, (001)-orientation or orientation in which the c-axis of crystals is tilted at 45° 
is accomplished as shown in Fig. 4. To obtain an effective spontaneous polarization value of the ferroelectric element, 

40 therefore, it is preferable that the ferroelectric thin film has a ratio of the (1 00)-orientation or the (OlO)-orientation of not 
smaller than 70%. It is similarly preferable that the ferroelectric thin film has a ratio of (001)- orientation of not smaller 
than 70%, (1 1 0)-orientation of not smaller than 80%, or orientation in which the c-axis of crystals is tilted at 45° of not 
smaller than 90%. 

Next in a generally employed constitution of the ferroelectric thin film of PZT and the lower electrode of Pt, Au or 
45 Al, oxygen of PZT diffuses into the electrode via the interface between the PZT and the electrode and, as a result, a 
transition layer is formed at the interface. Usually, the transition layer exhibits a small spontaneous polarization and a 
strong coersive electric field. The spontaneous polarization value drastically drops as the number of times of writing by 
inverting the electric field reaches the order of 1 08, and the coersive electric field increases. It is generally said that this 
is because, as the electric field is repetitively inverted, the destruction of crystals proceeds from the transition layer to 
so the ferroelectric thin film. In the present invention, a structure shown in Fig. 7 is employed in order to suppress the dete- 
rioration of characteristics of the ferroelectric thin film in regard to spontaneous polarization and coersive electric field. 
That is, the lower electrode is constituted by adopting a structure of an electrically conductive oxide of the perovskite 
structure, an electrically conductive oxide of a single element and a meal arranged in the order from the side in contact 
with the ferroelectric thin film, in order to suppress the diffusion of oxygen from the ferroelectric thin film and not to form 
55 the transition layer. Therefore, the characteristics of the ferroelectric element are not deteriorated even when the 
number of times of writing reaches the order of 10 15 . 

Rg. 8 is a diagram illustrating the constitution of the upper electrode according to the present invention. Like the 
case of the above-mentioned lower electrode, an electrically conductive oxide of the perovskite structure, an electrically 
conductive oxide of a single element, a metal or an electrically conductive oxide of the perovskite structure are formed 
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in the order from the side in contact with the ferroelectric material in order to suppress the formation of the transition 
layer that stems from the diffusion of oxygen from the ferroelectric material into the electrode. It is thus possible to form 
a ferroelectric element which does not lose characteristics even when the number of times of writing reaches the order 
of 10 15 . 

5 Even in the ferroelectric element of the planar structure, the right and left electrodes in contact with the ferroelectric 

thin film are made of an electrically conductive oxide of the perovskite structure or an electrically conductive oxide of a 
single element, so that the characteristics are not deteriorated even when the number of times of writing reaches the 
order of 10 15 . 

The metal used for the upper and lower electrodes is a metal selected from the group consisting of Pt f Au, Al, Ni, 
w Cr, Ti, Mo and W. Furthermore, the electrically conductive oxide of a single element used as the upper electrode, lower 
electrode, and right and left electrodes is an oxide of an element selected from the group consisting of Ti, V, Eu, Cr, Mo, 
W, Ph, Os, tr, Pt, Re, Ru and Sn, and preferably has a resistivity of not larger than 1 mft • cm to exhibit the function of 
the electrode material. Moreover, the electrically conductive oxide of the perovskite structure is an oxide selected from 
the group consisting of Re0 3 , SrRe0 3 , BaRe0 3 . LaTi0 3 , SrV0 3 . CaCr0 3 , SrCr0 3 , SrFe0 3 , La 1 . x Sr x Co0 3 (O < x < 
15 0.5), LaNi0 3 , CaRu0 3 , SrRu0 3 . SrTi0 3 , and BaPbQ 3 , and preferably has a resistivity of not larger than 1 vnQ • cm for 
the electrode material. 

In order to form the ferroelectric element that exhibits optical response according to the present invention, it is nec- 
essary that a transparent electrically conductive oxide is used as the upper electrode in a structure as shown in Fig. 3. 
It is preferable that the transparent electrically conductive oxide is an oxide selected from the group consisting of ln 2 0 3 , 

20 Sn 2 . ZnO, ITO (In-Sn-O), ATO (Sb-doped Sn), FTO (F-doped Sn), and CTO (Cd-Sn-0), and having a transmission factor., 
in a visible region of not smaller than 80% and a resistivity of not larger than 1 mO • cm. 

Even in the planar structure shown in Fig. 6, similarly, either or both of the right and left electrodes may be made of 
an oxide selected from the group consisting of ln 2 0 3 , Sn 2 , ZnO, ITO (In-Sn-O), ATO (Sb-doped Sn), FTO (F-doped Sn), 
and CTO (Cd-Sn-O), and having a transmission factor in the visible region of not smaller than 80% and a resistivity of 

25 not larger than 1 mCl • cm. which is necessary for obtaining a function as an electrode. 

When the sputtering method is employed in the present invention, it is preferable that the ferroelectric thin film is 
produced in an atmosphere which necessarily contain oxygen gas under a reduced pressure at a temperature of not 
higher than 650°C to suppress the reaction with the electrode material. The sputtering method gives an advantage that 
the ferroelectric thin film having uniform properties and a size of larger than 8 inches can be produced without oxygen 

30 deficiency owing to the oxygen gas atmosphere. Even when a laser vaporization method is employed instead of the 
sputtering method, the ferroelectric thin film having uniform properties can be produced in an atmosphere of an oxygen 
gas or excited oxygen at a temperature of not higher than 650°C. By this laser vaporization method, a ferroelectric thin 
film having the same composition as the target can be formed making it easy to form a ferroelectric thin film having a 
complex composition. When an organic metal chemical vapor deposition method (MOCVD) is employedjnstead of the 

35 sputtering method, it is also possible to obtain a ferroelectric thin film having excellent properties like those" mentioned 
above, giving advantage in regard to the coverage characteristics of a rough surface. 

Even when the spin-coating method or the dip- coating method is employed using the metal aikoxide or the organic 
acid salt as a starting material, a ferroelectric thin film having uniform properties can be obtained at a forming temper- 
ature of not higher than 650°C to suppress the reaction with the electrode material in the same manner as described 

40 above. The spin-coating method or the dip-coating method helps simplify the process of the synthesis under normal 
pressure. 

According to the method of producing a ferroelectric thin film by the spin-coating method or the dip-coating method 
using the metal aikoxide or the organic acid salt as a starting material by use of irradiation with light, the ferroelectric 
thin film can be formed at a low temperature since the decomposition reaction of a complex due to the irradiation with 
45 light can be utilized as crystallization energy of the oxide. 

A highly electrically conductive oxide of a single element or of the perovskite structure having uniform properties 
and a resistivity of not larger than 1 mO • cm can be formed by any one of various production methods like those 
described above. 

Fig. 9 is a diagram illustrating the structure of a ferroelectric memory cell, wherein the ferroelectric element shown 
so in Fig. 3 is formed on a semiconductor field effect transistor structure which comprises a source portion, a drain portion, 
polycrystalline Si and UN which is a barrier layer. Remaining spontaneous polarization of the ferroelectric material 
makes it possible to control the conductance between the source region and the drain region. 

Fig. 10 is a diagram illustrating the structure of a ferroelectric memory cell, wherein a MOS transistor comprising 
an oxide layer, a metal layer and an insulation layer, a capacitor and a ferro- electric element shown in Fig. 3. are formed 
55 on the above-mentioned semiconductor field effect transistor. This structure has an advantage that the difference in the 
spontaneous polarization caused by the inversion of an electric field can be detected by use of a residual component 
which is twice in magnitude. 

Fig. 11 illustrates a structure of when the planar type ferroelectric element shown in Fig. 6 is used instead of the 
ferroelectric element shown in Fig. 3. Even in this case, the difference in the spontaneous polarization resulting from 
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the inversion of an electric field can be advantageously detected by use of a residual component which is twice in mag- 
nitude. 

Next, the ferroelectric thin films having crystalline structures shown in Figs. 1 and 2 can be advantageously used 
as an infrared ray sensor because of their large change in the spontaneous polarization with respect to a change in the 
5 temperature. This is because the large pyroelectric coefficient (dPr/dt: Pr represents spontaneous polarization) that is 
necessary for the detection by the infrared ray sensor is large. 

The ferroelectric element having the electrode made of a transparent electrically conductive oxide produced 
according to the present invention is capable of generating a voltage in tune with oscillation of light pulses of the order 
of jxs or shorter, and can be effectively utilized for developing an optical -response system that also can measure the 
10 light reflection. 

The ferroelectric memory cell produced according to the present invention operates at a decreased voltage and has 
a large residual polarization, and can be effectively used for developing a non-contact type read or write memory by 
combining a plurality of cells. 

Embodiments of the invention will now be described with reference to the drawings to which only, however, the 
75 invention is in no way limited. 

(Embodiment 1) 

Fig. 1 illustrates the crystalline structure of a ferroelectric thin film used in the present invention having a chemical 
20 structural formula 

(AO) 2+ (B 2 C3O 10 ) 2 " (Chemical formula 1 0) 

There will be described below a production method of when A = element Nd. B = element Sr and C = element Ta 
25 in the above chemical structural formula. In Fig. 3 which is a sectional view of a ferroelectric element, reference numeral 
34 denotes an underlying substrate. First, the underlying substrate was made of Si including a TiN barrier layer of a 
thickness of 200 nm (2000 A) formed by heating. Next, a lower electrode 33 was formed on the underlying substrate 34. 
The lower electrode was constituted, as shown in Fig. 7, by a metal 74, an electrically conductive oxide 73 of a single 
element and an electrically conductive oxide 72 of a perovskite structure. On the underlying substrate 34 was formed a 
30 metal Ru 74 having a thickness of 1000 A by sputtering while being heated at 600°C, followed by the formation of the 
electrically conductive oxide RuO 73 of a single element having a thickness of 1000 A by sputtering in an oxygen gas 
atmosphere at 450°C and the electrically conductive oxide SrRu0 3 72 of the perovskite structure by sputtering at a tem- 
perature of 650°C. The lower electrode 33 was spin-coated with a metal alkoxide solution of Nd, Sr or Ta at 1500 rpm 
for 30 s in order to form the ferroelectric thin film 32 thereon. Then, drying was effected at 1 50°C for 5 min, and pre-heat 
35 treatment was effected in the air or oxygen for 1 0-30 min at a temperature over a range of from 200°C to 550*C which 
is lower than the crystallization temperature of 500°C of the ferroelectric thin film. The above-mentioned operations 
were repeated two to five times to form a thin film precursor having a thickness of 2500 A. Finally, the heat treatment 
was effected at 580°C to 650°C to obtain a ferroelectric thin film 

40 ((NdO) 2 +(Sr 2 Ta 3 O 10 ) 2 ~) (Chemical formula 1 1) 

As a result of X-ray diffraction, it was found out that the ferroelectric thin film was so oriented that the c-axis was 
tilted at 45° . Performing a pole figure measurement using a diffraction peak of a plane (105), furthermore, it was found 
that the degree of orientation was 93%. Next, the upper electrode 31 was formed on the ferroelectric thin film 32. The 
45 upper electrode 31 was constituted, as shown in Fig. 8(a), by an electrically conductive oxide 82 of the perovskite struc- 
ture, an electrically conductive oxide 83 of a single element and a metal 84. On the ferroelectric thin film 32 

(NdO) 2+ (Sr 2 Ta 3 O 10 ) 2 " (Chemical formula 1 2) 

so was formed the electrically conductive oxide SrRuO s 82 of the perovskite structure having a thickness of 1000 A by 
sputtering in an oxygen gas atmosphere at a temperature of 650°C, followed by the formation thereon of the electrically 
conductive oxide RuO 83 of a single element having a thickness of 100 nm (1000 A) by sputtering in an oxygen gas 
atmosphere at 450°C and a metal Ru 84 having a thickness of 100 nm (1000 A) by sputtering at 600 °C. The sponta- 
neous polarization (Pr) and coersive electric field (Ec) of the thus obtained ferroelectric element were measured at room 

55 temperature and they were 20 fiC/cm 2 and 75 kV/cm, respectively. Measurement was repeated by inverting a voltage 
of 280 kV/cm, but Pr characteristics were not deteriorated up to 10 12 times (Table 1). 

The thus obtained lower electrode of Ru, RuO, SrRu0 3 and, particularly, of SrRu0 3 can be oriented along the a- 
axis by contriving the step of forming the film by sputtering. By utilizing the thus oriented face and by contriving the steps 
of spin coating, drying and heat treatment, it is possible to obtain, as shown in Fig. 4, (a) (100)- or (OlO)-orientation, (b) 
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(110)-orientation, (c) orientation in which the c-axis is tilted at 45° , or (d) (OOI)-orientation. The relationships between 
the degree of orientation and Pr, Ec, when orientation degree was 70%, were (a) 

Pr = 17 to 20 fiC/cm 2 and Ec = 70 to 90 kV/cm in the case of (100)- or (01 0)-orientation, (b) Pr = 15 to 18 fiC/cm 2 and 
Ec = 60 to 90 kV/cm in the case of (1 10)- orientation, (c) Pr = 13 to 16 ^iC/cm 2 and Ec = 60 to 90 kV/cm in the case of 
5 orientation where the c-axis was tilted at 45° , and (d) Pr = 17 to 20 jiC/cm 2 and Ec = 70 to 90 kV/cm in the case of 
(OOI)-orientation. 

Table 1 also shows Pr, Ec and the number of times of writing of the ferroelectric element of which the c-axis is tilted 
at 45° obtained in the same manner as described above by using any one of the element Ti, Nb, W, Mo, Fe, Co, Cr or 
Zr for the C-site in the chemical structural formula 

w 

(NdO) 2+ (Sr 2 C3O 10 ) 2 " (Chemical formula 13) 



table 1 



c-site 


Ti 


Nb 


Ta 


W 


Pr ( fi C/cm 2 ) 


19 


18 


20 


19 


Ec (kV/cm) 


75 


80 


75 


80 


The number of times 
of writing 


1 . OOE+13 


1 .OOE+13 


1 . OOE+12 


1. OOE+12 



Zr 


Mo 


Fe 


Co 


Cr 


18 


19 


20 


20 


20 


80 


82 


73 


70 


75 


1E-14 


1. OOE+13 


1 .00E+14 


1 . 00E+14 


1. OOE+13 



Table 2 shows Pr, Ec and the number of times of writing of the ferroelectric element of which the c-axis is tilted at 
40 45° obtained in the same manner as described above by using any one of the elements Ti, Nb, Ta. W, Mo. Fe, Co, Cr 
and Zr for the C-site in the chemical structural formula 

(nO) 2 *(Sr2C3O 10 ) 2 " (Chemical formula 14) 

45 



50 



55 
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table 2 



c- s i t e 


Ti 


Nb . 


Ta 


W 


Pr ( fi C/cm 2 ) 


18 


17 


18" 


20 


Ec(kV/cm) • 


80 


90 


• 85 


80 


The number of times 
of writing 


1 . OGE+13 


1 .OOE+12 


1 .OOE+13 


1 . 0OE-rl3 



75 



Zr 


Mo 


Fe 


Co 


Cr 


18 


19 


20 


20 


2-0 


80 


82 


73 


71 


72 


1E-13 


1 . OOE+12 


1 .00E+13 


1 . OOE+13 


1.00E+14 



25 

Table 3 shows Pr, Ec and number of times of writing of the ferroelectric element of which the c-axis is tilted at 45° 
obtained in the same manner as described above by using any one of the elements Ti, Nb, Ta, W, Mo, Fe, Co, Cr and 
30 Zr for the C-site in the chemical structural formula 

(HgO) 2+ (Sr 2 C 3 O 10 ) 2 " (Chemical formula 15) 

35 ~ ' 

table 3 



c-site 


Ti 


Nb 


Ta 


W 


Pr { V C/cm 2 ) 


18 


18 


18 


19 


Ec (kV/cm) 


78 


90 


90 


82 


The number of times 
of writing 


1 .OOE+12 


1. OOE+12 


1. 00E+12 


1 .00E+13 



zr 


Mo 


Fe 


Co 


Cr 


18 


19 


20 


20 


20 


82 


83 


71 


70 


70 


1E-14 


1. OOE+12 


1 . 00E+13 


1 . OOE+14 


1 . OOE+14 
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Table 4 shows Pr, Ec and the number of times of writing of the ferroelectric element of which the c-axis is tilted at 
45° obtained in the same manner as described above by using any one of the elements Ti, Nb, Ta. W, Mo, Fe, Co, Cr 
and Zr for the C-site in the chemical structural formula 

5 

(YO) 2+ (Sr 2 C 3 O 10 ) 2 ' (Chemical formula 1-6) 



table 4 



c-site 


Ti 


Nb 


Ta 


W 


Pr ( H C/cra 2 ) 


19 


17 


18 


19 


Ec (kV/cm) 


77 


95 


88 


82 


The number of times 
of writing 


1.00E+14 


1 .OOE+12 


1 .OOE+12 


1.00S+14 



Zr 


Mo 


Fe 


Co 


Cr 


18 


19 


19 


20 


19 


81 


79 


80 


75 


75 


1E-14 


1 .OOE+12 


1 . OOE+13 


1.00E+14 


1. 00E+13 



35 

Table 5 shows Pr, Ec and the number of times of writing of the ferroelectric element of which the c-axis is tilted at 
45° obtained in the same manner as described above by using any one of the elements Ti, Nb, Ta, W, Mo, Fe, Co, Cr 
and Zr for the C-site in the chemical structural formula 



40 



(CeOy^SraCaO! 0 ) 2 " (Chemical formula 1 7) 



45 



50 



55 
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table 5 



c - s i t e 


Ti 


Nb 


Ta 


W 


Pr ( ft C/cm 2 ) 


18 


16 


18 


19 


Ec (lev/ cm) 


85 


95 


90 


93 


The number of times 
of writing 


1 .OOE+13 


1. OOE+12 


1 .OOE+12 


1 .OOE+12 



75 



Zr 


Mo 


Ee 


Co 


Cr 


18 


19 


20 


18 


19 


82 


100 


80 


78 


82 


1E-12 


1. OOE+12 


1 .00E+13 


1.00E+14 


1 . 00E+13 



25 



It is further possible to obtain a ferroelectric element having Pr = 16 to 20 fiC/cm 2 , Ec = 70 to 100 kV/cm and the 
number of times of writing of the order of 10 12 or larger in the same manner as described above even by using any one 
30 of the element TI, Hg, Y, Ce, Pr, Nd, Pm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu for the A-site, by using at least one or 
more of the elements Bi, Pb, Ca, Sr and Ba for the B-site, and by using at least one or more of the elements Ti, Nb, Ta, 
W, Mo, Fe, Co, Cr and Zr for the C-site in the chemical structural formula 

( AO) 2+ ( B 2 C 3 0 1 o) 2 " (Chemical formula 1 8) 

35 

It is further possible to obtain a ferroelectric element having Pr = 16 to 19 jLiC/cm 2 , Ec ■ 70 to 100 kV/cm and the 
number of times of writing of the order of 10 12 or larger in the same manner as described above even by using any one 
of the element La and Sm for the A-site, by using at least one or more of the elements Bi, Ca, Sr and Ba for the B-site, 
and by using at least one or more of the elements Ti, Nb, Ta, W, Mo, Fe, Co, Cr and Zr for the C-site in the chemical 
40 structural formula 

(AO) 2 *(B2C 3 O 10 ) 2 " (Chemical formula 19) 

It is further possible to obtain a ferroelectric element having Pr = 16 to 20 p.C/cm 2 , Ec = 70 to 100 kV/cm and the 
45 number of times of writing of the order of 10 12 or larger in the same manner as described above even by using at least 
one or more of the elements Ca, Sr and Ba for the B-site, and by using at least one or more of the elements Ti, Nb, Ta, 
W, Mo, Fe, Co, Cr and Zr for the C-site in the chemical structural formula 

(PbO) 2+ (B 2 C3O 10 ) 2 " (Chemical formula 20) 

50 

It is further posstole to obtain a ferroelectric element having Pr = 16 to 20 jiC/cm 2 , Ec = 70 to 100 kV/cm and the 
number of times of writing of the order of 10 12 or larger in the same manner as described above by using the same ele- 
ments as those mentioned above for the A-site, B-site and C-site in the chemical structural formula 

55 (A0) 2+ (B1C207) 2 " (AO) 2+ (B3C4013) 2 ' (A0) 2+ (B4C5016) 2 " (Chemical formula 21) 

Though Table 1 shows the data of the case (c) where the c-axis was tilted at 45° , it is possible to obtain a ferroe- 
lectric element of which the Pr value is increased by about 1.1 times compared with that of (c) in the case of (a) (100)- 
or (010)-orientation, increased by about 1.05 times compared with that of (c) in the case of (B) (1 1 0)-orientation, and 
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increased by about 1 .1 times compared with that of (c) 
in the case of (d) (OOI)-orientation. 

(Embodiment 2) 

5 

Fig. 2 illustrates the crystalline structure of a ferroelectric thin film used in the present invention having a chemical 
structural formula 

(Bi 2 . x A x O2) 2+ ( B 2C 3 O 10 ) 2 "- (Chemical formula 22) 

10 

The lower electrode was formed in the same manner as in Embodiment 1 even in the case of A = element Sb, B = 
element Sr, C = element Ta and x = 0.4 in the above chemical structural formula. The lower electrode was spin-coated 
with a metal alkoxide solution of Bi, Sb, Sr or Ta at 1 500 rpm for 30 s in order to form the ferroelectric thin film thereon. 
Then, drying was effected at 150°C for 5 min, and pre- heat treatment was effected for 10-30 min in the air or oxygen 
15 at a temperature over a range of from 350°C to 550°C which was lower than the crystallization temperature of 580°C of 
the ferroelectric thin film. The above-mentioned operations were repeated two to five times to form a thin film precursor 
having a thickness of 250 nm (2500 A). Finally, the heat treatment was effected at 580 °C to 650 °C to obtain a ferroe- 
lectric thin film, 

so (Bi1 .6Sb0.4O 2 ) 2 *(Sr2Ta 3 O 10 ) 2 - (Chemical formula 23) - 

As a result of X-ray diffraction, it was found out that the ferroelectric thin film was so oriented that the c-axis was 
tilted at 45° . Performing a pole figure measurement using a diffraction peak of a plane (105), furthermore, it was found 
that the degree of orientation was 90%. Next, the upper electrode was formed on the ferroelectric thin film in the same 

25 manner as in the embodiment 1 . The spontaneous polarization (Pr) and electric field (Ec) of the thus obtained ferroe- 
lectric element were measured at room temperature and they were 18 *iC/cm 2 and 90 kV/cm. respectively. Measure- 
ment was repeated by inverting a voltage of 280 kV/cm. but Pr characteristics were not deteriorated up to 10 14 times 
(Table 6). Even when the degree of substitution of the element A for the Bi-site was changed over a range of 0 < x < 2, 
the ferroelectric element having Pr = 18 to 19 ixC/cm 2 , Ec = 90 to 100 kV/cm and the number of times of writing of the 

so order of 1 0 14 could be obtained through the same method as the one mentioned above. 

The thus obtained lower electrode of Ru, RuO, SrRu0 3 and, particularly, of SrRu0 3 can be oriented along the a- 
axis by contriving the step of forming the film by sputtering. By utilizing the thus oriented plane and by contriving the 
steps of spin coating, drying and heat treatment, it is possible to obtain, as shown in Fig. 5, (a) (100)- or (010) -orienta- 
tion, (b) (1 10)-orientation, or (c) orientation in which the c-axis is tilted at 45° . The relationships betweenthe degree of 

35 orientation and Pr, Ec. when the orientation degree was 70%, were (a) Pr = 17 to 20 p,C/cm 2 and Ec = 70 to 90 kV/cm 
in the case of (100)- or (010)-orientation, (b) Pr = 15 to 18 jiC/cm 2 and Ec = 60 to 90 kV/cm in the case of (1 10)-orien- 
tation and (c) Pr = 1 3 to 1 6 fiC/cm 2 and Ec = 60 to 90 kV/cm in the case of orientation where the c-axis was tilted at 45° . 

Table 6 also shows Pr, Ec and number of times of the ferroelectric element obtained in the same manner as 
described above by using any one of the element Ti, Nb, W, Mo, Fe t Co, Cr or Zr for the C-site in the chemical structural 

40 formula 

(Bi 2 _ x Sb x O2) 2+ (Sr2C3O 10 ) 2 ' (Chemical formula 24) 
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table 6 



c - s i te 


Ti 


Nb 


Ta 


W 


Pr ( V C/cm 2 ) 


19 


16 


18 


19 


Ec (XV/ cm] 


85 


100 


90 


85 


The number of times 
of writing 


1.00E+14 


1.00E+13 


1 -00E+14 


1.00E+14 



Zr 


Mo 


Fe 


CO 


Cr 


18 


19 


20 


20 


20 


80 


85 


75 


70 


75 


1 . 00E-14 


1.00E+14 


1 .00E+14 


1.00E+14 


1 . 00E+14 



It is further possible to obtain a ferroelectric element having Pr = 16 to 20 jiC/cm 2 , Ec = 70 to 100 kV/cm and the 
number of times of writing of the order of 10 13 or larger in the same manner as described above even by using at least 
30 two or more of the elements Ti, Nb, Ta, W, Mo, Fe, Co, Cr and Zr in combination for the C-site in the chemical structural 
formula 

(Bi 2 . x Sb x O 2 ) 2+ (Sr 2 C3O 10 ) 2 " (Chemical formula 25) 

35 Table 7 shows Pr, Ec and the number of times of writing of the ferroelectric element obtained in the same manner 
as described above by using any one of the elements Ti, Nb, Ta, W, Mo, Fe, Co. Cr and Zr for the C-site in the chemical 
structural formula 

(Bi2- x Hg x 0 2 ) 2 - K (Sr 2 C 3 0 1 o) 2 " (Chemical formula 26) 

40 
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table 7 



c - s i t e 


Ti 


Nb 


Ta 


W 


Pr ( fi C/cm 2 ) 


18 


17 


18 


20 


Ec (kV/cm) 


80 


100 


100 


85 


The number of times 
of writing 


1.00E+13 


1.00E+13 


1 . 00E+14 


1.00E+13 



75 



Zr 


Mo 


Fe 


CO 


Cr 


18 


19 


20 


20 


• 2 0 


85 


90 


74 


70 


72 


1E-14 


1.00E+14 


1 . 00E+14 


1 . 00E+14 


1 .00E+14 



25 

It is further possible to obtain a ferroelectric element having Pr = 15 to 19 jiC/cm 2 . Ec = 75 to 100 kV/cm and the 
number of times of writing of the order of 10 13 or larger in the same manner as described above even by using at least 
two or more of the elements Ti, Nb, Ta, W, Mo, Fe, Co, Cr and Zr in combination for the C-site in the chemical structural 
30 formula 

(Bi 2 . x Hg x 0 2 ) 2+ (Sr 2 C30 1 0 ) 2 ~ (Chemical formula 27) 

Table 8 shows Pr, Ec and the number of times of writing of the ferroelectric element obtained in the^ame manner 
35 as described above by using any one of the elements TI, Nb, Ta, W, Mo, Fe, Co, Cr and Zr for the C-site in the chemical 
structural formula 

{B\ 2 . x As x 0 2 f^Sr 2 C 3 0^ Q ) 2 ' (Chemical formula 28) 
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table 8 



10 



c- s i t e 


Ti 


Nb 


Ta 


W 


Pr ( ft C/cm 2 ) 


19 


18 


18 


20 


Ec (kV/cm) 


80 


95 


95 


85 


The number of times 
of writing 


1.00E+14 


1 .00E+14 


1.00E+14 


1 . 00E+14 



15 



20 



Zr 


Mo 


Fe 


Co 


Cr 


17 


19 


20 


20 


20 


80 


85 


74 


70 


70 


1E-14 


1 .00E+14 


1.00E+14 


1.00E+14 


1 .00E+14 



25 

It is further possible to obtain a ferroelectric element having Pr = 17 to 20 ^C/cm 2 , Ec = 80 to 100 kV/cm and the 
number of times of writing of the order of 10 13 or larger in the same manner as described above even by using at least 
two or more of the elements Ti, Nb, Ta, W, Mo, Fe, Co, Cr and Zr in combination for the C-site in the chemical structural 
30 formula 



(Bi 2 . x As x O 2 ) 2+ (Sr 2 C30 10 ) 2 



(Chemical formula 29) 



Table 9 shows Pr Ec and the number of times of writing of the ferroelectric element obtained in the same manner 
35 as described above by using any one of the element Ti, Nb, Ta. W, Mo, Fe, Co. Cr and Zr for the C-site in the chemical 
structural formula 



(Bi 2 -x Tl xO2) 2 *(Sr 2 C3O 10 )' 



(Chemical formula 30) 
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table 9 



c- si te 


Ti 


Nb 


Ta 


W 


Pr(£C/cm 2 ) 


18 


17 


18 


19 


Ec (JcV/cm) 


80 


100 


95 


90 


The number of times 
of writing 


1. OOE+14 


1.00E+14 


1 . OOE+14 


1 . OOE+14 



Zr 


Mo 


Fe 


Co 


Cr 


17 


19 


20 


20 


' 20 


80 


85 


74 


70 


70 


1E-14 


1. OOE+14 


1 . OOE+13 


1 . OOE+14 


1 -OOE+14 



It is further possible to obtain a ferroelectric element having Pr = 17 to 20 jiC/cm 2 , Ec = 80 to 100 kV/cm and the 
number of times of writing of the order of 10 12 or larger in the same manner as described above even by using at least 
30 two or more of the elements Ti, Nb, Ta, W, Mo, Fe, Co, Cr and Zr in combination for the C-site in the chemical structural 
formula 

(Bi 2 . x Tl x 02) 2+ (Sr 2 C30 1 o) 2 " (Chemical formula 31) 

35 It is further possible to obtain a ferroelectric element having Pr = 16 to 20 jiC/cm 2 , Ec = 70 to 100 kV/cm and the 
number of times of writing of the order of 10 12 or larger in the same manner as described above even by using at least 
one of the elements TI, Hg, Sb and As for the A-site, at least one or more of Bi, Pb, Ca, Sr, Ba. Y and rare earth ele- 
ments for the B-site, and at least one or more of the elements Ti, Nb, Ta, W, Mo, Fe, Co, Cr and Zr for the C-site in the 
chemical structural formula 

40 

{B\2. x A x 0 2 ) 2 ^{B2C20^q) 2 ' (Chemical formula 32) 

Table 10 shows Pr, Ec and the number of times of writing of the ferroelectric element obtained in the same manner as 
described above by using any one of the elements Ti, Nb, Ta. W, Mo, Fe, Co, Cr and Zr for the C-site in the chemical 
45 structural formula 

(Bi 2 . x Pb x O2) 2+ (Sr2C3O 10 ) 2 " (Chemical formula 33) 
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table 10 



c - s i t e 


Ti 


Nb 


Ta 


W 


Pr ( fi C/cm 2 ) 


17 


16 


17 


18 


Ec(kV/cm) 


90 


100 


95 


100 


The number of times 
of writing 


1.00E+14 


1.00E+14 


1.00E+14 


1.00E+14 



Zr 


Mo 


Fe 


Co 


Cr 


ia 


19 


19 


18 


18 


80 


100 


85 


85 


90 


1E-13 


1 .00E+14 


1 .OOE+13 


1.00E+14 


1 . 00E+14 



25 It is further possible to obtain a ferroelectric element having Pr = 16 to 20 iiC/cm 2 , Ec = 75 to 100 kV/cm and the 

number of times of writing of the order of 10 12 or larger in the same manner as described above even by using at least 
two or more of the elements Ti. Nb, Ta. W, Mo, Co and Cr in combination for the C-site in the chemical structural formula 

(Bi 2 . x Pb x O 2 ) 2+ (Sr 2 C3O 10 ) 2 * (Chemical formula 34) 

30 

it is further possible to obtain a ferroelectric element having Pr = 1 6 to 20 ^iC/cm 2 , Ec = 70 to 100 kV/cm and the number 
of times of writing of the order of 10 12 or larger in the same manner as described above even by using at least one of 
elements Bi, Pb, Ca, Sr, Ba, Y and rare earth elements for the B-site and any one of Ti, Nb, Ta, W, Mo, Fe, Co, Cr and 
Zr for the C-site in the chemical structural formula _ - 

(Bia-xPbxOa^CBsCsOio) 2 " (Chemical formula 35) 

It is further possible to obtain a ferroelectric element having Pr = 17 to 20 ^C/cm 2 , Ec = 70 to 100 kV/cm and the 
number of times of writing of the order of 10 12 or larger in the same manner as described above even by using at least 
40 one or more of Bi, Pb, Ca, Sr, Ba, Y and rare earth elements for the B-site and at least two or more of Ti, Nb, Ta, W, Mo, 
Co and Cr in combination for the C-site in the chemical structural formula 

(Bi 2 . x Pb x 02) 2+ (B 2 C 3 0 1 o) 2 - (Chemical formula 36) 

45 It is further possible to obtain a ferroelectric element having Pr = 16 to 20 jiC/cm 2 , Ec = 70 to 100 kV/cm and the 

number of times of writing of the order of 10 13 or larger in the same manner as described above by using the same ele- 
ments as those mentioned above in combination for the A-site, B-site and C-site in the chemical structural formula 

(Bi 2 - X A X 02) 2+ (C1 CM) 2 " (Bi 2 . x A x 02) 2+ (B1 C207) 2 * (Bi 2 . x A x 02) 2+ (B3C40l 3) 2 * 

so - ^ (Bi 2 . x A x 02) 2+ (B4C5016) 2 - (Chemical formula 37) 

Though Table 6 shows the data of the case (c) where the c-axis was tilted at 45° , it is possible to obtain a ferroe- 
lectric element of which the Pr value is increased by about 1.1 times compared with that of (c) in the case of (a) (100)- 
or (010)-orientation. and is increased by about 1 .05 times compared with that of (c) in the case of (b) (1 10)-orientation. 

55 

(Embodiment 3) 

Fig. 6 is a sectional view of a ferroelectric element of an embodiment according to the present invention. In Fig. 6, 
the ferroelectric element of the planar type is equipped with a left electrode 61 and a right electrode 63 on both sides 
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of a ferro- electric thin film 62 on an underlying substrate 64. First, a ferroelectric thin film 

(Bi 1 . 6 Sbo. 4 0 2 ) 2+ (Sr 2 Ta 3 0 10 ) 2 " (Chemical formula 38) 

5 having a thickness of 2000 A of which the c-axis was tilted at 45° was formed in the same manner as in embodiment 2 
on the underlaying substrate that includes a 200 nm (2000 A)-thick TiN barrier layer formed in the embodiment 1 . Next, 
the width of the ferroelectric thin film was adjusted to 0.3 \im by a mask patterning method, and an electrically conduc- 
tive substrate SrRu0 3 of the perovskite structure was formed to a thickness of 250 nm (2500 A) on both sides of the 
ferroelectric thin film by sputtering in an oxygen gas atmosphere at a temperature of 650°C to form a left electrode 61 

io and a right electrode 63. The spontaneous polarization (Pr) and coersive electric field (Ec) of the thus obtained ferroe- 
lectric element were measured at room temperature, and they were 17 ^iC/cm 2 and 100 kV/cm, respectively. Further- 
more, the number of times ot repetition was measured by inverting a voltage of 280 kV/crn but the Pr characteristics 
were not deteriorated up to 10 14 times. Even when the degree of substitution of the element Pb for the Bi-site was 
changed over a range of 0 < 0.1 nm (A)< 2, the ferroelectric element having Pr = 18 to 19 uC/cm 2 , Ec = of 90 to 100 

is kV/cm and the number of times of writing of the order of 10 14 could be obtained through the same method as the one 
mentioned above. 

An electrically conductive oxide RuO of a single element of a thickness of 2500 A was formed by sputtering in an 
oxygen gas atmosphere at a temperature of 650°C on both sides of the ferroelectric thin film having a width of 0.3 fim 
obtained above in order to form the left electrode 61 and the right electrode 63. The values Pr and E of the thus obtained 
20 ferroelectric element were measured at room temperature and they were 1 7 jiC/cm 2 and 1 00 kV/cm, respectively. The 
number of times of repetition was also measured by inverting a voltage of 280 kV/cm, but the Pr characteristics were 
not deteriorated even in the order of 10 13 . 

Even when a ferroelectric thin film of a chemical structural formula 

25 (Bi 2 -xAxO2) 2+ (B2C3O 10 ) 2 ' (Chemical formula 45] 

(Bi 2 . x A x O a J 2+ (C 1 0 4 ) 2 - (Bi 2 . x A x 0 2 ) 2+ (B 1 C 2 0 7 ) 2 - (Bi 2 . x A x O 2 ) 2+ (B 3 C 4 0 13 ) 2 - 

(Bi2. x A x 0 2 ) 2+ (B 4 C 5 O n 6 ) 2 " (Chemical formula 39) 

30 was used in place of the above-mentioned ferroelectric thin film, a ferroelectric element having Pr = 16 to 20 piC/cm 2 , 
Ec = 70 to 100 kV/cm and the number of times of writing of the order of 10 12 or larger could be obtained through the 
same method by using the same elements as those of the embodiment 1 for the A-site, B-srte and C-site. 

By contriving the steps of spin-coating, drying and heat treatment (and particularly forming temperature), the ferro- 
eiectric thin film can be (a)( 100) -oriented or (010)-oriented, (b) (110)-oriented, (c) oriented such that the c-axis is tilted 
35 at 45° , and (d) (OOI)-oriented as shown in Fig. 4. Compared to the case (c) where the c-axis is tilted at 45° , the ferro- 
electric element exhibits Pr which is increased by about 1.1 times in the cases (a) and (d) and is increased by about 
1 .05 times in the case (b). 

Furthermore, a ferroelectric thin film 

40 (NdO) 2+ (Sr 2 Ta 3 O 10 ) 2 " (Chemical formula 40) 

having a thickness of 200 nm (2000 A) of which the c-axis was tilted at 45° was formed in the same manner as in the 
embodiment 1 on the underlying substrate that includes a 200 nm (2000 A)-thick TiN barrier layer formed in the embod- 
iment 1 . Next, the width of the ferroelectric thin film was adjusted to 0.3 urn by a mask patterning method, and an elec- 

45 trically conductive oxide SrRu0 3 of the perovskite structure was formed to a thickness of 250 nm (2500 A) on both sides 
of the ferroelectric thin film by sputtering in an oxygen gas atmosphere at a temperature of 650°C to form a left electrode 
and a right electrode. The Pr and Ec of the thus obtained ferroelectric element was measured at room temperature, and 
they were 19 nC/cm 2 and 70 kV/cm, respectively. Furthermore, the number of times of repetition was measured by 
inverting a voltage of 280 kV/cm but the Pr characteristics were not deteriorated up to 10 12 times. 

so Even when a ferroelectric thin film of a chemical structural formula 

(AO) 2+ (B 2 C 3 0 13 ) 2 - (AO) 2+ (B 1 CaOy) 2 - (A0) 2+ (B 3 C 4 O 13 ) 2 " 

(AO) 2+ (B 4 C50 16 ) 2 - (Chemical formula 41) 

55 was used in place of the above-mentioned ferroelectric thin film, a ferroeiectric element having Pr = 16 to 20 jiC/cm 2 , 
Ec = 70 to 100 kV/cm and the number of times of writing of the order of 10 12 or larger could be obtained through the 
same method by using the same elements as those of the embodiment 2 for the A-site. B-site and C-site. 

By contriving the steps of spin-coating, drying and heat treatment (and particularly forming temperature), the ferro- 
electric thin film can be (a) (lOO)-oriented or (010)-oriented, (b) (1 10)-oriented, (c) oriented such that the c-axis is tilted 
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at 45° , (d) and (001 ) -oriented as shown in Fig. 5. Compared to the case (c) where the c-axis is tilted at 45° , the ferro- 
electric element exhibits Pr which is increased by about 1.1 times, by about 1.05 times and by about 1.1 times in the- 
cases (a), (b) and (d). 

5 (Embodiment 4) 

Fig. 7 illustrates the internal constitution of the lower electrode according to the present invention. Like in the 
embodiment 1 . first, a metal 74 of any one of Pt, Au, Al, Ni, Cr, Tl t Mo and W was formed by sputtering to a thickness 
of 100 nm (1000 A) on the underlying substrate 75 at a temperature of 600 °C. Then, there was formed an electrically 

10 conductive oxide 73 of a single element of any one of TiO x , VO x . EuO, Cr0 2 , Mo0 2 . W0 2 , PhO, OsO, IrO, PtO, Re0 2 , 
Ru0 2 and Sn0 2 maintaining a thickness of 100 nm (1000 A) by sputtering in an oxygen gas atmosphere at 450 °C. 
Then, finally, there was formed an electrically conductive oxide 72 of the perovskite structure of any one of Re03, 
SrRe0 3 , BaRe0 3 , LaTi0 3 , SrV0 3 , CaCr0 3 , SrCr0 3 , SrFe0 3 , La-|. x Sr x Co0 3 (O < x < 0.5), LaNi0 3 , CaRu0 3 . SrRu0 3l 
SrTi0 3 , and BaPb0 3 by sputtering at 650 °C to a thickness of 1 00 nm (1 000 A). Next, on the thus obtained lower elec- 

75 trode was formed a ferroelectric thin film obtained in the embodiment 1 . 

Then, the upper electrode of Fig. 8(a) of the present invention was formed by the method mentioned below. Like in 
the embodiment 1 , a ferroelectric element was obtained by forming an electrically conductive oxide 82 of the perovskite 
structure of any one of ReOj. SrRe0 3 , BaRe0 3 , LaTO 3 , SrV0 3 , CaCr0 3 , SrCr0 3> SrFe0 3 , La-, . x Sr x Co0 3 (O < x < 0.5), 
LaNi0 3 , CaRu0 3 , SrRu0 3 , SrT10 3 , and BaPb0 3 having a thickness of 100 nm (1000 A) by sputtering at a temperature 

20 of 650 °C in an oxygen gas atmosphere, an electrically conductive oxide 83 of a single element of any one of TiO x , VO x , 
EuO, Cr0 2 , Mo0 2 , W0 2 , PhO, OsO, IrO, PtO, Re0 2 , Ru0 2 and Sn0 2 having a thickness of 100 nm (1000 A) by sput- 
tering in an oxygen gas atmosphere at 450°C, and an upper electrode of a metal 84 of any one of Pt, Au, Al, Ni, Cr, Ti, 
Mo and W having a thickness of 100 nm (1000 A) by sputtering at 600 °C. The thus obtained ferroelectric element 
exhibited Pr of 16 to 20 nC/cm 2 , Ec of 70 to 100 kV/cm and number of times of writing of the order of 10 12 or larger. 

25 After the lower electrode and the ferroelectric thin film were formed by the same methods as those mentioned 

above, the upper electrode of Fig. 8(b) of the present invention was formed by a method described below. Like in the 
embodiment 1, a ferroelectric element was obtained by forming an electrically conductive oxide 82 of the perovskite 
structure of any one of ReO^ SrRe0 3 , BaRe0 3 . LaTi0 3 , SrV0 3 , CaCr0 3 . SrCrOs, SrFe0 3 , La-i_ x Sr x Co0 3 (O < x < 0.5). 
LaNi0 3f CaRu0 3 , SrRu0 3 , SrTi0 3 and BaPb0 3 having a thickness of 100 nm (1000 A) by sputtering in an oxygen gas 

30 atmosphere at a temperature of 650°C and an upper electrode of a metal 84 of any one of Pt, Au, A], Ni t Cr, Ti, Mo and 
W by sputtering at 600°C. The thus obtained ferroelectric element exhibited Pr of 16 to 20 ixC/cm 2 , Ec of 70 to 100 
kV/cm and number of times of writing of the order of 10 13 or larger. 

Furthermore, the lower electrode was formed by the same method as the one mentioned above, the ferroelectric 
thin film was formed in a manner of the embodiment 2 and the upper electrode was formed thereon by the same method 

35 as the one described above, in order to obtain a ferroelectric element. The thus obtained ferroelectric element exhibited 
Pr of 1 6 to 20 iiC/cm 2 , Ec of 70 to 1 00 kV/cm and number of times of writing of the order of 1 0 12 or larger. 

Moreover, a ferroelectric element was obtained by forming an electrically conductive oxide of the perovskite struc- 
ture of any one of Re0 3 , SrRe0 3 , BaRe0 3 , LaTi0 3 , SrV0 3 , CaCr0 3 , SrCr0 3 , SrFe0 3 , La^S^CoOs (O < x < 0.5), 
LaNi0 3 , CaRu0 3 , SrRu0 3 , SrTi0 3 and BaPb0 3 having a thickness of 2500 A by sputtering in an oxygen gas atmos- 

40 phere at a temperature of 650°C on both sides of the ferroelectric thin film having a width of 0.3 and a thickness of 
2500 A obtained in the embodiment 3. The thus obtained ferroelectric element exhibited Pr of 16 to 20 nC/cm 2 Ec of 
70 to 1 00 kV/cm and number of times of writing of the order of 1 0 1 2 or larger. 

Moreover, a ferroelectric element was obtained by forming an electrically conductive oxide of a single element of 
any one of TiO x , VO x , EuO, Cr0 2 , Mo0 2 , W0 2 , PhO, OsO, IrO, PtO, Re0 2 , Ru0 2 and Sn0 2 having a thickness of 100 

45 nm (1000 A) by sputtering in an oxygen gas atmosphere at a temperature of 450°C on both sides of the ferroelectric 
thin film having a width of 0.3 jim and a thickness of 250 nm (2500 A) obtained in the embodiment 3. The thus obtained 
ferroelectric element exhibited Pr of 16 to 20 jiC/cm 2 , Ec of 70 to 1 00 kV/cm and number of times of writing of the order 
of 10 12 or larger. 

so (Embodiment 5) 

The upper electrode of a transparent electrically conductive oxide of the present invention was formed on the lower 
electrode and the ferroelectric thin film by a method described below. A ferroelectric element having a transparent elec- 
trode was obtained by forming ln 2 0 3 having a thickness of 100 nm (1000 A) by sputtering in an oxygen gas atmosphere 
55 at 450°C on the lower electrode and on the ferroelectric thin film obtained in the embodiments 1 and 2. The thus 
obtained ferroelectric element exhibited Pr of 17 u.C/cm 2 Ec of 100 kV/cm, number of times of writing of the order of 
1 0 1 2 or larger and transmission factor in the visible region of 83%. 

Furthermore, a ferroelectric element having a transparent electrode was obtained by forming a transparent electri- 
cally conductive oxide of any one of Sn0 2 , ZnO, ITO (In-Sn-O), ATO (Sb-doped Sn), FTO (F-doped Sn) and CTO (Cd- 



22 



BNSOOCID: <EP 0795898A2_L> 



EP 0 795 898 A2 



Sn-O) having a thickness of 100 nm (1000 A) by sputtering in an oxygen gas atmosphere at 450°C on the lower elec- 
trode and on the ferroelectric thin film obtained in the embodiments 1 and 2. The thus obtained ferroelectric element 
exhibited Pr of 16 to 20 jiC/cm 2 , Ec of 70 to 100 kV/cm, number of times of writing of the order of 10 12 or larger and 
transmission factor in the visible region of 83%. 

5 Furthermore, a ferroelectric element having a transparent electrode was obtained by forming a transparent electri- 

cally conductive oxide of any one of ln 2 0 3 , Sn0 2 , ZnO, ITO (In-Sn-O). ATO (Sb-doped Sn), FTO (F-doped Sn) and CTO 
(Cd-Sn-O) having a thickness of 250 nm (2500 A) by sputtering in an oxygen gas atmosphere at 450 °C on both sides 
of the ferroelectric thin film having a thickness of 0.3 jim and a thickness of 250 nm (2500 A) obtained in the embodi- 
ment 3. The thus obtained ferroelectric element exhibited Pr of 16 to 20 |iC/cm 2 , Ec of 70 to 100 kV/cm, the number of 

10 times of writing of the order of 1 0 1 2 or larger and a transmission factor in the visible region of 83%. 

Furthermore, a transparent electrically conductive oxide of any one of ln 2 0 3 . Sn0 2 , ZnO, ITO (In-Sn-O), ATO (Sb- 
doped Sn), FTO (F-doped Sn) and CTO (Cd-Sn-O) having a thickness of 2500 A was formed by sputtering in an oxygen 
gas atmosphere at 450°C on the left electrode of the ferroelectric thin film having a width of 0.3 fim and a thickness of 
250 nm (2500 A) obtained in the embodiment 3. On the right electrode was formed an electrically conductive oxide of 

75 a single element or an electrically conductive oxide of the perovskite structure having a thickness of 250 nm (2500 A) 
by the same method as in the embodiment 4, in order to obtain a ferroelectric element having a transparent electrode. 
The thus obtained ferroelectric element exhibited Pr of 16 to 20 nC/cm 2 , Ec of 70 to 1 00 kV/cm, the number of times of 
writing of the order of 10 12 or larger and a transmission factor in the visible region of 83%. 

20 (Embodiment 6) 

In the embodiments 1 to 5, the ferroelectric materials were obtained by using a metal alkoxide as the starting mate- 
rial for spin-coating. It is. however, also possible to obtain a ferroelectric thin film by spin-coating, as a starting solution, 
a metal salt of acetylacetone. a metal salt of carboxylic acid, acetate, or a metal soap of naphthenic acid or actylic acid. 

25 It is further possible to obtain a similar ferroelectric thin film through the same processing as the one mentioned 
above even by a dip-coating method using, as a starting solution, a metal alkoxide. a metal salt of acetylacetone. a 
metal salt of carboxylic acid, or a metal soap of naphthenic acid or octylic acid. 

In the embodiments 1 to 5, the ferroelectric thin films having a thickness of 250 nm (2500 A) were obtained by sput- 
tering in an atmosphere containing oxygen gas under a pressure of from 0.02 to 10" 4 Torr at a forming temperature of 

30 from 530°C to 650°C for a forming time of one hour. 

In the embodiments 1 to 5, furthermore, the ferroelectric thin films having a thickness of 250 nm (2500 A) were 
obtained by a laser vaporization method using a sintered product having the same composition as the ferroelectric thin 
film in an atmosphere containing oxygen gas under a pressure of from 0.4 to 1.33 • 10" 4 mbar (0.3 to 10' 4 Torr) at a 
forming temperature of from 530°C to 650°C for a forming time of one hour. 

35 In the embodiments 1 to 5, furthermore, the ferroelectric thin films having a thickness of 250 nm ^2500 A) were 
obtained by a MOCVD method using, as a starting material, a A-diketone complex compound or a compound having a 
phenyl group or an o-tolyl group in an atmosphere containing oxygen gas under a pressure of from 0.4 to 1 .33 * 10" 
mbar (0.3 to 10~ 4 Torr) at a forming temperature of from 530°C to 650°C for a forming time of two hours. 

When a laser vaporization method or a MOCVD method is employed, a ferroelectric thin film having a thickness of 

40 250 nm (2500 A) was obtained in an atmosphere containing excited oxygen (ozone, ECR or microwave plasma) under 
a pressure of 0.4 to 1.33 * 10* 4 mbar (0.3 to 10~ 4 Torr) at a forming temperature of from 500 °C to 620 for a forming 
time of from 1 to 2 hours. 

In the embodiments 1 to 5, furthermore, the same metal, an electrically conductive oxide of a single element, an 
electrically conductive oxide of the perovskite structure and transparent electrically conductive oxide could be formed 
45 through the same processes as those described above. 

(Embodiment 7) 

Fig. 9 is a sectional view of a ferroelectric memory cell according to the present invention. The method of produc- 
50 tion will be described. First, the surface of a silicon substrate 95 having a source region 96 and a drain region 97 was 
oxidized to form an Si0 2 film having a thickness of 25 nm (250 A). A protruded Si0 2 film 99 was formed at the center 
of the substrate by mask-patterning. Next, the protruded portion was processed by a CVD -method to form a polycrys- 
talline Si film 98 having a thickness of 450 nm (4500 A), and was further heated at 800 °C to form a TiN barrier layer 94 
having a thickness of 200 nm (2000 A). Then, there was formed thereon a ferroelectric element constituted by an upper 
55 electrode, a ferroelectric thin film and a lower electrode in accordance with the emodiments 1 to 6 to obtain a ferroelec- 
tric memory cell. When a voltage higher than the coercive electric field was applied from the upper electrode to the 
lower electrode or from the lower electrode to the upper electrode of the ferroelectric element, the ferroelectric memory 
cell exhibited residual polarization of which the polarity was directed in the direction of the applied voltage. By causing 
the direction of the residual polarization to correspond to m 0 H or "1", the data could be written. By applying a voltage 
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lower than the coersive electric field, furthermore, the data "0" or "1 " could be written by determining the direction of 
polarity of polarization. By detecting the current between the source region and the drain region, the thus obtained fer- 
roelectric memory cell was capable of detecting "0" or n V. 

5 (Embodiment 8) 

Fig. 1 0 is a sectional view of a ferroelectric memory cell according to the present invention. The method of produc- 
tion will be described. First, the surface of a silicon substrate 105 having a source region 106 and a drain region 107 
was oxidized to form an Si0 2 film having a thickness of 25 nm (250 A). "A protruded Si0 2 film 109 was formed at the 
w center of the substrate by mask-patterning. Next, the protruded portion was processed by a CVD method to form a poly- 
crystalline Si film 1010 having a thickness of 450 nm (4500 A) and the surface thereof was further oxidized to form an 
Si0 2 film having a thickness of 25 nm (250 A) thereby to obtain a MOS transistor. A TiN barrier layer of a thickness of 
200 nm (2000 A) was formed by heating it at 800 °C on a capacitor portion corresponding to the semiconductor MOS 
portion that was obtained. Then, there was formed thereon a ferroelectric element constituted by a upper electrode 101, 
is a ferroelectric thin film 1 02 and a lower electrode 103 in accordance with the embodiments 1 to 6 to obtain a ferroelec- 
tric memory cell, like that of the embodiment 7, the thus obtained ferroelectric memory cell was a memory cell such 
that the hysteresis of the ferroelectric material obtained by applying a voltage higher than the coercive electric field is 
detectable by measuring the change in the storage capacitance. 

Hg. 1 1 is a sectional view of a ferroelectric memory cell according to the present invention. The method of produc- 
20 tion will be described below. First, a TIN barrier layer 1 14 having a thickness of 200 nm (2000 A) was formed by heating 
at 800°C on the capacitor portion corresponding to the semiconductor MOS portion obtained by the same method as 
the one described above. Trien, there was formed thereon a ferroelectric element constituted by an upper electrode 
1 1 1 , a ferroelectric thin film 1 12 and a lower electrode 1 1 3 in accordance with the embodiments 1 to 6 thereby to obtain 
a ferroelectric memory cell. By the same operation as the one mentioned above, the memory cell could similarly detect 
25 a change in the storage capacitance. 

The ferroelectric memory cells obtained in the embodiments 7 and 8 can be combined in a plural number to con- 
stitute a non-contact type read or write memory. 

The ferroelectric thin films obtained in the embodiments 1 and 2 exhibited a pyroelectric coefficient of A = 3.0 to 7.5 
A 10" 8 C/cm 2 K which represents the amount of change of Pr depending upon the temperature. The thus obtained fer- 
30 roelectric thin film can be used as a pyroelectric infrared ray sensor which utilizes a change in the amount of surface 
charge depending on a change in the temperature. 

The ferroelectric element having a transparent electrode obtained in the embodiment 5 can be used for a non-con- 
tact type detection system for detecting a voltage that is generated in tune with light pulses produced, by chopping a 
laser beam from an He-Ne laser having a wavelength in the visible region by means of a chopper. When the light has 
35 a wavelength transmittable through the transparent electrode, the ferroelectric element can be used for the non-contact 
type detection system like the one mentioned above. 

Reference Numerals in the Drawings will now be described. 

31. 91. 101, 111 — upper electrodes, 32, 41, 51, 62, 71, 81, 92, 102, 112 — ferroelectric thin films, 33, 93. 103, 
113 — lower electrodes, 34, 42, 52, 75 —underlying substrates, 61 — left electrode, 63 —right electrode, 72, 82 — 
40 electrically conductive oxides of the perovskite structure, 73, 83 — electrically conductive oxides of a single element, 
74, 84 — metals, 94, 1 04, 1 1 4 — TIN. 95, 1 05, 1 1 5 — Si. 96, 1 06, 1 1 6 - -- source portions. 97, 1 07, 1 1 7 — drain por- 
tions, 98 - - polycrystalline Si , 99, 1 08, 1 09, 1 1 8, 1 1 9 — Si0 2 . 1 01 0, 1 1 1 0 — metal layers. 

Claims 

45 

1. A ferroelectric element having an upper electrode (31), a ferroelectric thin film (32) and a lower electrode (33), 
wherein said ferroelectric thin film (32) has a blocking layer in a long periodic structure. 

2. A ferroelectric element having an upper electrode (31). a ferroelectric thin film (32) and a lower electrode (33), 
so wherein said ferroelectric thin film (32) has a perovskite structure and has a composition represented by, 

(AO) 2 ^^ CyOay^ f- (Chemical formula 42) 

A = Tl, Hg. Ce. Y, Pr. Nd. Pm. Eu. Gd, Tb. Dy, Ho. Er, Tm, Yb. Lu. La. Sm 
55 B = at least one or more of Bi. Pb. Ca. Sr, Ba. 

C = at least one or more of Ti, Nb, Ta, W, Mo, Fe, Co, Cr, Zr, and 
y = 2, 3, 4, 5. 

3. A ferroelectric element having an upper electrode (31), a ferroelectric thin film (32) and a lower electrode (33), 
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wherein said ferroelectric thin film (32)has a perovskite structure and has a composition represented by, 

(Chemical formula 3) 

5 B = at least one or more of Ca. Sr, Ba, 

C = at least one or more of Ti, Nb, Ja, W, Mo, Fe, Co, Cr, Zr, and 
y = 2, 3, 4, 5. 

4. A ferroelectric thin film according to any one of claims 1 to 3, wherein said ferroelectric thin film (51) is (100)-ori- 
io ented or (010)-oriented with respect to the lower electrode (52). 

5. A ferroelectric thin film according to any one of claims 1 to 3, wherein said ferroelectric thin film (51) is (1 10)-ori- 
ented with respect to the lower electrode (52). 

is 6. A ferroelectric thin film according to any one of claims 1 to 3, wherein said ferroelectric thin film (51) is (001)-ori- 
ented with respect to the lower electrode (52). 

7. A ferroelectric thin film according to any one of claims 1 to 3. wherein said ferroelectric thin film (51) is so oriented 
that the c-axis thereof is tilted at 45° with respect to the lower electrode (52). 

20 

8. A ferroelectric thin film according to claim 4, wherein the ratio of the ferroelectric thin film (51) (100)-ori ented or 
(010)-oriented to the lower electrode (52) is not smaller than 70%. 

9. A ferroelectric thin film according to claim 5, wherein the ratio of the ferroelectric thin film (51 ) (1 1 0)-oriented to the 
25 lower electrode (52) is not smaller than 80%. 

1 0. A ferroelectric thin film according to claim 6, wherein the ratio of the ferroelectric thin film (51 ) (001 )-oriented to the 
lower electrode (52) is not smaller than 70%. 

30 1 1 . A ferroelectric thin film according to claim 7, wherein the ratio of the ferroelectric thin film (51 ) which is so oriented 
that the c-axis thereof is tilted at 45° with respect to the lower electrode (52) is not smaller than 90%. 

12. A ferroelectric element having an upper electrode (31), a ferroelectric thin film (32) and a lower electrode (33), 
wherein said ferroelectric thin film (32) has a perovskite structure and has a blocking layer in a long periodic struc- 

35 ture. ~* 

13. A ferroelectric element having an upper electrode (31), a ferroelectric thin film (32) and a lower electrode (33), 
wherein said ferroelectric thin film (32) has a perovskite structure and has a composition represented by, 

40 (Bi 2 _ x A x 0 2 ) 2 *(B y _ 1 C y 0 3y + 1 ) 2 - (Chemical formula 44) 

A = 71, Hg, Sb, As, 

B = at least one or more of Bi, Pb. Ca, Sr, Ba, Y, and rare earth elements, 
C = at least one or more of Ti, Nb, Ta. W, Mo, Fe, Co, Cr, Zr, 
45 O < x < 2, and 

y = 1,2, 3. 4, 5. 

14. A ferroelectric element having an upper electrode (31), a ferroelectric thin film (32) and a lower electrode (33), 
wherein said ferroelectric thin film (32) has a perovskite structure and has a composition represented by. 

50 

(Bi 2 . x Pb x 0 2 ) 2+ (B y _ 1 C y 0 3y+1 ) 2 " (Chemical formula 45) 

B = at least one or more of Bi, Pb, Ca, Sr, Ba. Y and rare earth elements, 

C = at least one or more of TI, Nb. Ta, W, Mo. Fe, Co, Cr, Zr. or at least two or more of Ti, Nb, Ta, W. Mo, Co, Cr, 
55 0 < x < 2, and 

y=1,2, 3, 4, 5. 

15. A ferroelectric thin film according to claim 12,13 . or 14, wherein said ferroelectric thin film (41) is (100)-oriented or 
(010)-oriented with respect to the lower electrode (42). 



(PbO^B^CyOay^) 2 ' 
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16. A ferroelectric thin film according to claim 1 2, 1 3 or 1 4, wherein said ferroelectric thin film (41 ) is (11 0)-oriented with 
respect to the lower electrode (42). 

17. A ferroelectric thin film according to claim 1 2, 1 3 or 1 4, wherein said ferroelectric thin film (41 ) is so oriented that the 
5 c-axis thereof is tilted at 45° with respect to the lower electrode (42). 

18. A ferroelectric thin film according to claim 15, wherein the ratio of the ferroelectric thin film (41) (100)-oriented or 
(010)-oriented to the lower electrode (42) is not smaller than 70%. 

10 19. A ferroelectric thin film according to claim 16, wherein the ratio of the ferroelectric thin film (41) (1 1 0)-oriented to 
the lower electrode (42) is not smaller than 80%. 

20. A ferroelectric thin film according to claim 1 7, wherein the ratio of the ferroelectric thin film (41) which is so oriented 
that the c-axis thereof is tilted at 45° with respect to the lower electrode (42) is not smaller than 90%. 

15 

21. A ferroelectric element according to any one of claims 1 to 3, wherein the ferroelectric element has a planar-type 
structure with electrodes (31 , 33) on both sides of the ferroelectric thin film (32) which is of the perovskite structure, 
and the width of the ferroelectric thin film (32) is not larger than 0.3 jinn. 

20 22. A ferroelectric element of a composition according to claim 1 2 or 1 3, wherein the ferroelectric element has a planar- 
type structure with electrodes (31. 33) on both sides of the ferroelectric thin film (32) which is of the perovskite 
structure, and the width of the ferroelectric thin film (32) is not larger than 0.3 jim. 

23. A lower electrode according to any one of claim 1 , 2, 3, 12 or 1 3. wherein the lower electrode (33) is constituted by 
25 a metal (74), an electrically conductive oxide (73) of a single element and an electrically conductive oxide (72) of a 

perovskite structure from the side of a lower substrate (75), and said electrically conductive oxides (72, 73) are ori- 
ented in a particular plane. 

24. An upper electrode according to any one of claim 1, 2, 3, 12 or 13, wherein the upper electrode (31) is constituted 
30 by an electrically conductive oxide (82) of a perovskite structure and, a metal (84), or by an electrically conductive 

oxide (82) of the perovskite structure, an electrically conductive oxide (83) of a single element and a metal (84) in 
the order from the layer which is in contact with the ferroelectric thin film (81). 

25. Electrodes provided on both sides of the ferroelectric thin film according to claim 21 or 22, wherein the electrode 
35 on the side in contact with the ferroelectric thin film (71 ; 81) is necessarily constituted by an electricallynconductive 

oxide (73; 83) of a single element or an electrically conductive oxide (72; 82) of a perovskite structure. 

26. A metal according to claim 22 or 23, wherein the metal (74) is at least one element selected from Pt, Au, Al, Ni t Cr, 
Ti, Mo, and W. 

40 

27. An electrically conductive oxide according to any one of claim 22, 23 or 24, wherein the electrically conductive 
oxide (73, 83) of a single element is at least one oxide of TI, V, Eu, Cr, Mo, W, Ph, Os, Ir, Pt, Re, Ru and Sn, and 
has a resistivity of not larger than 1 mnacm. 

45 28. An electrically conductive oxide according to any one of claim 22, 23 or 24, wherein the electrically conductive 
oxide (72, 82) of the perovskite structure is a perovskite containing at least Re0 3 , SrRe0 3 , BaRe0 3 , LaTi0 3 , 
SrV0 3 , CaCr0 3 , SrCr0 3 , SrFe0 3 , La^S^SoOa (0 < x < 0.5), LaNi0 3> CaRU0 3 , SrRu0 3 , SrTi0 3 , and BaPb0 3 , 
and has a resistivity of not larger than 1 m^ncm. 

so 29. A method of producing a ferroelectric thin film (32) by sputtering in an atmosphere of a mixture gas of oxygen and 
an inert gas at a forming temperature of not higher than 650°C. 

30. A method of producing a ferroelectric thin film (32) by laser vaporization in an atmosphere of oxygen or excited oxy- 
gen at a forming temperature of not higher than 650°C. 

55 

31. A method of producing a ferroelectric thin film (32) by MOCVD in an atmosphere of a mixture gas of oxygen and 
an inert gas at a forming temperature of not higher than 650°C. 

32. A method of producing a ferroelectric thin film (32) by spin-coating using a metal alkoxide or an organic acid salt as 
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a starting material under normal pressure at a forming temperature of not higher than 650°C. . 

33. A method of producing a ferroelectric thin film (32) by dip-coating using a metal alkoxide or an organic acid salt as 
a starting material under normal pressure at a forming temperature of not higher than 650°C. 

5 

34. A method of producing a ferroelectric thin film (32) by spin-coating or dip-coating using a metal alkoxide or an 
organic acid salt as a starting material according to claim 31 or 32, wherein the ferroelectric thin film (32) is formed 
while being irradiated with the light of an ultraviolet region. 

10 35. An upper electrode according to any one of claim 1, 2, 3, 12 or 13, wherein the upper electrode (31) is constituted 
by a transparent electrically conductive oxide. 

36. Electrodes according to claim 20 or 21 , wherein at least one of the electrodes (31 , 33) is constituted by a transpar- 
ent electrically conductive oxide. 

15 

37. A transparent electrically conductive oxide according to claim 35 or 36, wherein the transparent electrically conduc- 
tive oxide containing at least one of ln 2 0 3 , Sn 2 , ZnO, ITO (In-Sn-O), ATO (Sb-doped Sn), FTO (Fdoped Sn) or CTO 
(Cd-Sn-O), has a resistivity of not larger than 1 macm, and a transmission factor in a visible region of not smaller 
than 80%. 

20 

38. A ferroelectric memory cell in which the ferroelectric element of any one of claim 1 , 2, 3, 12,13 or 14 is formed on 
the gate (98) of a semiconductor field effect transistor. 

39. A ferroelectric memory cell in which the ferroelectric element of any one of claim 1, 2, 3, 12,13 or 14 is formed as 
25 a capacitor (1 01 . 1 02, 1 03) of a semiconductor MOS portion. 

40. A ferroelectric memory ceil in which the ferroelectric element of claim 20 or 29 is formed as a capacitor (111,112. 
1 13) of a semiconductor MOS portion. 

30 41. An infrared ray sensor wherein the ferroelectric thin film according to any one of claim 1 . 2, 3, 12,13 or 14 is used 
as a pyroelectric infrared ray sensor. 

42. An optical response system comprising a ferroelectric element which uses a transparent electrically conductive 
oxide of claim 35 or 36 as an electrode (31 , 33). 

35 

43. A memory wherein the ferroelectric memory according to claim 38 or 39 is used as a non-contact type read mem- 
ory or write memory. 
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1. Claims: 2,4-11,21,23-43 

Ferroelectric thin film, its use, and method of its 
fabrication comprising the following chemical composition: 

aswws; «. * *. «. e - 

Tm, Yb, Lu, La, Sm 

B = Bi , Pb, Ca, Sr, Ba 

C = Ti, Nb, Ta, W, Mo, Fe, Co, Cr, Zr 
y = 2, 3, 4, 5 

2. Claims: 3-11,21,23-43 

Ferroelectric thin film, its use, and method of its 
fabrication comprising the following chemical composition: 
[Pb0]2+[B(y-l)C(y)0(3y+l)]2- 
with B = Ca, Sr, Ba 

C = Ti, Nb, Ta, W, Mo, Fe, Co, Cr, Zr 

y » 2, 3, 4, 5 

3. Claims: 13,15-20,22-43 

Ferroelectric thin film, its use, and method of its 
fabrication comprising the following chemical composition. 
[Bi (2-x)A(x)02]2+[B(y-l)C(y)0(3y+l)]2- 

with A = TI, Hg, Sb, As 1-mari * c 
B = Bi, Pb, Ca, Sr, Ba, Y and rare earth elements 
C = Ti, Nb, Ta, W, Mo, Fe, Co, Cr, Zr 
0 < x < 2 
y = 1, 2, 3, 4, 5 



4. Claims: 14-20,22,25-34,36-43 

Ferroelectric thin film, its use, and method of its 
fabrication comprising the following chemical composition: 
[Bi(2-x)Pb(x)02]2+[B(y-l)C(y)0(3y+l)]2- a1otnBnts 
with B - Bi, Pb, Ca, Sr, Ba, Y and rare earth elements 

C = Ti! Nb, Ta, W, Mo, Fe, Co, Cr, Zr, or at least two 

or more of Ti , Nb, Ta, W, Mo, Co, Cr 

9 < x < 2 

y = 1, 2, 3, 4, 5 
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